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PREFACE. 

National Guard officers and enlisted men entering Che Coast 
Artillery service are at a loss to determine how beat, within their 
limited time, to properly equip themselves for this work. The 
mass of written matter and books to which they are referred is 
staggering. 

Few of them can spare the time or have the opportunity to 
become experts; their aim would better be to become practical 
coast artillery men— -i. e., to acquire a working knowledge that will 
enable them to handle coast artillery materiel. With this in view, 
the author prepared this volume; it is believed to contain the meat 
of some fifteen or twenty books and pamphlets. The following 
subjects are treated: organization and coast defense; gunnery and 
ballistics; ammunition; guns and carria^^es; fire control apparatus; 
drills and inspections; searchlights and signaling; cordage; warships; 
and preparation for and conduct of target practice, and reports. 
The drill at the piece, for want of space, is omitted; it is suggested 
that the manual of drill desired be cUpped from one of the various 
pamphlets and inserted, thus making this publication complete. 

The lists of questions prepared cover in detail the entire sub- 
ject matter referred to in G. O. No. 2, W, D., 1916, as well as to 
include those used in former examinations. The references, eiccept 
for the drill, apply entirely to the text. This arrangement will 
serve not only as a quia to those who have gone over the subject 
matter, but will be of considerable assistance in preparing for the 
examinations. 

The publication is also recommended to junior officers and 
enlisted men of the regular service, particularly when entering the 
service or preparing for instructors of visiting militia troops during 
coast defense exercises. 

The publication complies with the provisions of the Annual 
Instruction Order for Coast Artillery, 1916. 

The author is indebted to the following officers for advice and 
helpful suggestions: Captain H. B. Clark and Captain J. B. Mur- 
phy, of the regular Coast Artillery Corps, and Lieut.-Col. H. G, 
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Mathewson and CJaptam A, G. WrigJit^ -of the California Coast 
Artillery Corps. Colone Mathewaon's compilation of examination 
questiona has been freely used. 

The ailthor is also indebted to Sergt. F. Lolquist, Coast Ar- 
tillery Corps, U. S. Army, for suggeations and assistance in the 
preparation of the work. 

. Acknowledgment is due the authors of "Gunners' Instruction" 
and '"Service ot^ Coast ArtiU ry" for the free use of those publi- 
catioDs; tlie former is partipularly useful to the beginner, while 
he Utter fumishes coasiderable material for advance study. 
San Fraruiifco, CaHf., W. P. Platt. 

January 1st, 1916. 



PREFACE TO SECOND EDITION. 

Additional data on searchlighta have been inserted; the change 
was suggested by Captain Niles in his instruction notes. No otber 
material changes have been made in the text of the first edition, ex- 
cept those necessary to make the publication comply with the 
annual Instruction Order for Coast Artillery for 1917 and to embody 
the changes noted on the correction-slieet of the first edition. The 
lists of questions have been revised so as to include those used in the 
May and November, 1916, examinations. Several minor changes 
su^ested by these questions have been incorporated in the text. 
An index has also been added. 

Candidates when preparing for examinations are advised not 
to confine themselves to the lists of questions under a particular 
course, but to look through the lists under the same headings in 
other courses; additional ideas will be gotten in this way. 

W. P, Plait. 
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CHAPTER I. 
ORGANIZATION AITD COAST DEFENSE. 

1. The defraise of a coast line devolves on: 

(1) Coast artillery troops, r^ular or militia, provided tor the 
maintenance and' operation of the materiel (fixed and movable); 

(2) Coaat artillery aupports, consisting of coast artillery or 
mobile troopB assigned to the fortihcations and operating againat 
raid IDE parties; 

(3) Coast ^ard, consisting of mobile troops operating against 
the enemy's mobile troops; 

(4) Local naval forces and patrol boats, assigned for that 
purpose. 

The mihtary preparations by land forces tor defense may be 
divided into: 

(1) Constructing, arming, and equipping permanent fortifi' 
cations and submarine defenses; 

(2) Cohstructing, arming, and equipping field works for tb« 
protection of the forts against attack by raidmg parties either on 
the landward or seaward side; 

(3) The organisation and mobilization of mobile troops to 
operate agmnst and resist the landing of large bodies of troops, 
and tor use in semi-permanent field works. 

2. The forms of attack against a fortified harbor are: 

(1) Land attack; this may take the form of small raids against 
searchlight or fire control stations, or it may be a general demon- 
stration against the rear of a tort; 

(2) Distant bombardment by capital ships; 

(3) General attack by all naval torces; 

(4) Reconnaissance in force to draw the fire of the fort, thereby 
exposing the location ot the batteries; 

(5) Raid by cruisers and destroyers on mine fields, search- 
lights, or observing stations; 

(6) Run by. 

Either form of attack from the aea may be accompanied by 
a la,nd attack. 

3. The movable armament comprises the field and siege ma- 
teriel tor use against landward and seaward forces. 

The fixed armament consists of guns, mortars, and mines, the 
poaition-findii^ and power stations, communications, casemates, 
and otber accessory materiel. 

The fixed armament is classified into: 

(1) Major caliber: 8-inch and larger guns, employing direct 
fire against the vertical armor of armored ships, and mortars em- 
{di»yiBc lugh-augle tire against decks of warships; 
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(2) Intermediate caliber: 5-inch and 6-iiich guna, employing 
direct fire a^inst lighter armor of waretiipB; 

(3) Minor caliber: 3-inch and 4.7-inch guns, emnl 
rect fire against unarmored afiipa, and to cover mine fielas 

4. Tlio units of the tactical chain of command are: 

(1) Battery command, consisting of two or more guns or 
mortar pits with its fire-control equipment and personnel; 

—^ (2) Fire command, consisting of two or more batteries, fire- 
tionlrot equipment and personnel assigned to the fire command; 
guns and mortars are not generally grouped in the same fire com- 
mand, nor are guna of lesser caliber grouped with the major caliber 
armiiment; only batteries covering the same field of fire should be 
grouped in one fire commnnd; . 

■ . ^ (3) Mine command, consisting of such mine aefense, including 
rapid-fire guns and personnel, as can be controlled by a single 
individual; 

(4) Support commend, consiatJi^ of the personnel and ma- 
teriel o( the coast artillery supports of a single fort; 

(5) Fort command, consisting of all the means of seaward . 
and landward defense, including peraoimel and materiel, at a 
single fort; 

(0) Coast defense command, consiBting of the several fort 
commands of a harbor. The senior coast artillery officer present 
for duty is the coast defense commander; the senior officer present 
in each of the other commands is its commander. 

The C. A. non-commissioned staff is composed of sergeants- 
major senior and junior grades, master electricians, engineers, as- 
sistant engineers, electrician sergeants first and second class, 
master gunners, radio sergeants, and firemen. All except the 
serfjeants-inajor are ciiiled "enlisted specialists," For appointment 
and promotion, see A. H. and G. O. 2 and 46, W. D., 1916. 

The geograiiliieal limits and headquarters of coast artillery 
districts, the limits. and headquarters of coast defense commands, 
and the commanders thereof, are established in War Department 
orders. 

All i>flicers in a coast defense are assigned to forts and tactical 
conmiands and duties by the coast defense commander. He also 
dccidcK which elements of defense are to remain "in service" and 
assigns companies accordingly; all changes in alignment are 
priiinptly rcportid U) the War De|)artment. 

5. The coast defense commander is responsible for the effi- 
ciency of his command, both from a tactical and administrative 
standpoint; he has as staff officers, (I) Coast Defense Adjutant; 
(2) Coast Defense Artillery Engineer, charged with the care and 
operation of power and communication systems; (3) Coast Defense 
Ordnance Officer, charged with the care of all armament and ac- 
cessories except communications; i4) Coast Defense Quartermaster, 
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chained with land and water transportation, quartermaster supplies 
funds and buildings. He should also prepare plans of defense to 
meet the various forms of attack; these pLins are numbered or 
otherwise des^nated, and whes ordered from the fort comAiander's 
station as "General Defense Plan No. 2," indicates at once what 
is to be done by all units. 

The fort commander is responsible for all matters affectii^ the 
efficiency, instruction, discipline, and appearance of the personnel, 
and service and care of all materiel, landward and seaward, of Itis 
command. He ia assisted by: (1) a ''personnel officer," who, in 
action, has direct charge of all fire-control apparatus of the com- 
mand, and transmits the orders of the fort commander; (2) a 
''materiel officer," who has charge of the communication and power 
service and armament of the tort, and is charged with its main- 
tenance before and during drill. All defects are reported to the 
materiel officer, who will promptly have them corrected by his 
- electricians or else reimrted (o the proper staff officer. The ma- 
teriel officer is also responsible for the instruction and drill of the 
searchlight manning parties, 

Ip action the fort commander, from his station, controls the 
seaw^d defense through the fire and mine commanders, and the 
landward defense through the support commander. The seaward 
defense of two or more forts covermg the same water area ia con- 
trolled by the senior fort commander. 

The complete control of fire or battery commands devolves on 
the commanders thereof when communication with the next high 
commander is interrupted, or at the command "t'ire for Battery) 
Commander's Action," 
^ The fire commander is responsible for the tactical efficiency 

of hia fire command, and is assisted by a communication olTicer 
(fM>m missioned if available, otherwise a sergeant), who has charge 
of the communications and the tire command stations. 

The batter; commander keeps a record of daily attendance 
(by numbers), showing those at the battery and elsewhere, lie is 
responsible for the drill and efficiency of his battery; for the care of 
materiel, and that no modifications are made without authority; 
for the tidy appearance of his mon; and that the emplacement- 
book is kept in accordance with regulations. He should make every 
effort to keep supplied with the proper equipment and reserve am- 
munition. No modification in the drill nor use of any new device 
is allowed except by authority of the coast defense catiimander, 
who may allow a trial made and report thereof to War Department. 
He should improvise a method of fire direction to be used in cuse 
tiie r^iular stations go out; in many cases range points and stakes 
can be iised for both gun and mortar firing,' 

The range officer is stationed at the battery^ plotting room; 
be is in charge of th^ fire control apparatus and is responsible tc 
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the battery commander for ita condition, and for the efficiency of 
the range section. 

The emplacement fbatteiy) officer is in chargo of one or more 
emplacements, and is responsible to the battery commander tor 
the condition of the materiel at the battery, and for the efficiency 
of the gun or pit sections. 

The plotter is in direct charge of the personnel, and is respon- 
sible for the condition and adjustment of the equipment in the 
. plotting room. ' 

Observers are in direct-charge of the personnel, and responsible 
for the condition and adjustm<^nt of the instruments, at their stations. 

Gun Emd pit conunandBTB are, under the emplacement officer, 
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of the sights. 

A mechanic is assigned to a pit, or emplacement of S-inch 
caliber or above, or to each battery of leaser caliber. He is in 
charge of all small stores and supplies pertaining to the battery. 

6. Manning triilea will be kept in each barrack, showing the 
positions of all men assigned for drill. 

Manning tables are also posted; 

In coast defense headquarters, showing personnel for head- 
quarters, signal stations, boats assigned to headquarters. 

In each fort commander's station, showing personnel of station, 
searchlights, power plant, signal station, switchboard, boats as- 
signed to fort command, meteorological station, tide station. 

In each support commander's headquarters, showing personnel 
for each element of landward defense.' 

In each fire commander's station, showing personnel of station, 
power station, searchlights. 

In each battery commander's station, showii^ personnel of 
range, and gun or pit sections. 

Manning tables are made out by the senior officer of the unit 
from the personnel of the organizations composing that unit. 

MANNING PARTY FOR FORT COMMANDER'S 
STATION. 

7. Fort commander, pereonnel officer, materiel officer, master 
electrician or electrician sergeant, observer, reader, recorder, oper- 
ator for each telephone and for each searchlight controller, and 
orderhes. 

MANNING PARTY FOR FIRE COMMANDER'S 
. STATION. 
Primary (F'): Fire commander, communication officer, elec- 
trician sergeant, observer, reader, recorder, operator tor each t«l> 
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phone and searchlight controller; plotter, assistant plotter, and 
two arm setters, when the plotting board is used; orderlies. 

SecoNSARY (F"): Observer, reader. 
MANNING TABLE FOR RANGE SECTION (GUNS). 
Battery Commander's Station: 

Battery commander. (Not member of section.) 

Battery commander's observer. 

Operator for each telephone (P. C. and observing stations). 

Buglers. 
PixvitinoRoom: 

Range officer. 

Plotter. 

No. 1, assistant plotter. 

No. 2, primary arm setter. 

No. 3, secondary arm setter. 

No. 4, range board operator. 

No. 5, deflection board operator. 

No. 6, range transmitter. 

Necessary telephone operators on lines to observing and B. C, 
stations. 
Observino Station (for Each): 

Observer. 

Embroencv (Observino) Stations 

Observer. 

Reader (when type of instrument used requires it). 

Necessary telephone operators on lines to B, C. station and 
plotting room (or megaphone operator). 
MANNING TABLE FOR RANGE SECTION 
(MORTARS). 
Battery Cohuander'b Station: 

Battery commander. (Not member of section.) 

Assistant battery commander. 

Battery commander's observer. 

AzimuUi keeper. 

Operator for each telephone <F. C, observing stations, plotting 
room, and pit when distant). 

Buglers. 
pixymNQ Room: 

Range officer. 

Plotter. 

No. 1, assistant plotter. ,-. , 

No. 2, primary arm setter. D,gn;:d.,l^iOOglC 

No. 3, secondary arm setter. 

No. 4, azimuth computer. 
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No. 5, operator of device for sending data to pita. 
Necessary telephone operators on lines to observing and B. C. 
stations, and to pila when distant. 
Observinq StatiCn {for Each): 
Observer. 
Render. 

EUBBGENCY (OBSBBVINa) STATION: 

Observer. 

Header (when type of instrument used re<juires it). 
Nc<;e9sary telephone operators on tines tJ3 B. C. station and 
plotting room (or megaphone operator). 
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CHAPTER n. , 
GUNMERT AND BALLISTICS, 
POINTING DEVICES. 

8. Pieces are pointad with the aid of the fallowing devices: 
telescopic sight, quoarant, range drum, and aajimuth circle. 

The advantages gained in using telescopic sights are increased 
power of vision and consequent decrease of personal error, as well 
as to enable the ^un to be aimed more rapidly. 

The telescopic sights in use are the old trunnion sights, and 
the 2-inch and 3-inch sights. The former have two levels, one for 
cross-leveling and the other, together with the elevation arc, for use 
in giving qi»drant elevation. 

The 2-inch and 3-iach sights are mounted in sight brackete, 
which can be given a vertical motion to bring the terget in the 
field of view, and a latreral motion for deflection. The sight bracket 
d^ection scale is p^uated from left to right, whereas in the old 
si^ts it is from nght to left: this difference arises from the fact 
that in the old modersight the front sight (movable wire) moves, 
while inthe 2-inch and 3-inGh the rear sight (peep) moves. In 
either case, increasing the deflection acts to throw the next splash 
fartherto the right, and vice versa. (See pars. 112 and 121.) 

The arrangement of parts in all telescopic sights is, in general, 
similar. The objective forms an image ( when focused ) on the 
croBB wires, this imajije being erected by the erecting prisms. The 
eyepiece m^iifies this image. Good definition H. e., vision) with- 
out pankllax is obtained by focusing so as to bring both image and 
cross wires in the focal plane of the eyepiece to suit the particular 
observer. For focusing, see "Position Finders," Chapter V. 

Quadrants attached to mortars are used to give quadrant ele- 
vation (i. e., elevation above the horizontal plane) b^ setting the 
an^e on the quadrant and elevating the mortar until the bubbls 
is in the middle of the level. The detachable quadrant can be 
similarly used. For mortars, the field of fire is divided into zones, 
nine for service and three for subcaliber. To accommodate ab- 
normal velocities and inaccuracies in plotting, adjacent zones over- 
lap by about 500 yards. Each zone has a different powder charge, 
and hghter projectiles are used in the outer zones. Quadrant ele- 
vationa, 45° to 65°, are employed to cover each zone; 45° giving 
the maximum ranEe attainable. 

Elevation disks on gun carria^ connected to move past a 
pointer as the gun changei; in elevation are so graduated in service 
and subcaliber ranges (also 0, 5, and 10 degrees) that the gun will 
have the correct quadrant elevation for the range indicated by the 
pointer. (See par. 13.) 

The azimuth circle is graduated in degrees and numbered, and 
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the subBcale Treadioa hundred ths} attached so as 
the piec« poiuts south. 

POINTING METHODS. 



a major caliber guns which have sight bradjete oq their trun- 
nions, in which case the sight is set for an elevation (sidit) corre- 
sponding to the range of the target and the gun elevated until the 
horizontal wire of the sight is on the water line of the tar^. 

Case II. Direction is given by the sight and elevation by the 
range scale, used on all of our guns. The gun may also be laid 
for range, without using the range scale, by elevation (called quad- 
rant elevation) ; this elevation, corresponding to the corrected range, 
is taken from range table corrected for height of site and curvature, 
and may be set off on chnometer, quadrant, or telescopic sight 
when there is a sight bracket on the gun trunnions, and tlie gun then 
elevated until the bubble is in the middle of the level. 

Case III. Direction is given by the azimuth circle and ele- 
vation by the range scale or quadrant. Used by all mortars. Mav 
be used on guns, the range being set off on the range scale or quad- 
rant elevation used instead, as in Case II. 

In Cases I and II the gun is fired immediately after it is 
pointed. In Case III the gun or mortar is fired at a signal from 
the battery commander, given when the target crosses the vertical 
wire of his instrumrakt (set in azimuth for predicted point), which 
should bo at the exjjiration of the prediction interval. 

The normal pointing method for gun batteries is Case II. If 
the sight standani becomes injured, or if fog interferes, Case III 
or else salvo points can be used, 

POINTING AND PREDICTION TESTS. 

10. Required weekly during outdoor period on Form 817, to 
be approved by the fire commander and posted on the company 
buUetm-board. 

Gdn3. The batteiy commander (unknown to the gun pointer) 
sends to plotting room an assumed deflection for wind and drift. 
The platen is set at this assumed deflection, and, using a moving 
target, the deflection is computed and s«it to the guns. A non- 
commissioned officcFi using a stop watch, determines, from a range 
table, the time of flight corresponding to the corrected range re- 
ceived. The gun-pomter sets his sight at the deflection received 
and commands FIRE when the piece is pointed; traversing is 
stopped, apd the gun-pointer follows the target with the movable 
wire pr si^t bracket and reads the deflection when the signal 
HALT is given at the e:g)iration of the time of flight. The differ- 
ence between the deflection read and that assumed by the battery 
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cumnmnder is the error. A more satisfsctory method is when the 
nornial system of fire-control is employed, using the actual wind 
reference numbera and drift corrections on the deflection board, 
and keeping a record of all data, and readings determined by the 
gun pointer, determining the errors afterward. 

Problem: Assumed deflection, 3.&5', deflection sent to gun 
pointer, 3.20; reading of deflection scale at expiration of time of 
flight, 3.60; the error then, is 3.65 - 3.60 = .05. 

The excellence of the gun pointer's work is determined by the 
accuracy of his pointing and by the promptness with which he 



gives the command FIRE after the niece haa been laid and the 
command READY given. A record snowing the range, error, tin 
from LOAD to READY, and the time from READY to FIRE, 



kept for each trial. 

Mortars anu Guns, Case III. The azimuth of the predicted 
point from B. C. station and time of flight is sent to the B. C. 
station and the former set off on the B. C. instiTiment; at the 
command FIRE, given when tihe target crosses the vertical wire, 
the targst is followed by turning the azimuth crank, and at the 
signal HALT, given at the expiration of the time of flight by an 
assistant equipped with a stop watch, the azimuth of the target 
is read; the difference between this reading and that of the set- 
forward point from the B. C. station, determined from the plotting 
board, is th^ error in prediction. 

11. A line of direction is the line drawn from the muzzle 
(with plotting board gun arm) to the target at instant of splash. 

Deviations are either: (I) the actual distances of the splashes 
from the target, in which caee they are called absolute deviatioDs; 
or (2) the rectangular coitrdinates of these distances, and are either 
longitudinal or lateral. 

The line of direction, t^ether with the line drawn through the 
target at right angles to the line of direction, form the axes to 
which these coordinates are referred. 

The lateral deviation is the perpendicular distance (measured 
right or left) between the splash and the line of direction. 

The longitudinal deviation is the perpendicular distance imeas^ 
ured over or short) between the splash and the tine drawn through 
target at right angles to the line of direction. 

The mean lateral deviation is the mean of the algebraic sum 
of the lateral deviations; t. e., it is the difference between the sum 
of the plus and minus values divided by the number of sliots, the 
sign of the greater being given the result. 

The mebn longitudinal deviation is the mean of the algebraic 
sum of the longitudln^ deviations. 

The mean absolute deviation is the mean of the algebraic sum of 
the absolute deviations; it is also equal to the square root of the sum 
of the squares of the mean longitudmal and mean lateral deviations. 
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The range deviation is the difTerence between the range to splash 
and range to target at instant of splash. This ia' equal to the 
longitudinal deviation if the shot is a line shot (t. e.^ when the 
latemt deviation ia zero), and it closely approximates its value at 
other times. 

Lateral deviations are determined from the shore, (iret in an- 
gle (or mils) and tlien converted into yards; longitudinal deviations 
are measured from the plot made from measurementa taken from 
shore and tug. (See para. 117 and 123 and cut opposite par. 117.) 

The center of impact of a Kroup of shots is the mean position 
of the points of splash. Its distance from the tar^^et alon^ the 
mean line of direction is equal to the mean longitudmal deviation 
of the splashes; its distance right or left of the mean line of dire(v 
tion is equal to the mean lateral deviation of the splashes. 

The center of impact of a series of shots fired from a piece 
l^d at the same elevation may be determined in two ways: 

(1) when referred to tlie battery, it is equal to the mean of the 
sum of the ranges (also mean azimuth) to the several splaahes: 

(2) when referred to the target, it is equal to the mean longitudinal 
and mean Literal deviations. 

In a series of shots fired at the same tievation, the difference 
between the lonKCst range attained and the shortest range is refer- 
red to as the "maximum dispersion," P'ired at a moving target, the 
"maximum dispersion" ia the arithmetical sum of the greatest plus 
and the greatest minus range deviations; except that if all shots 
fall on the same side of the target, it is the dlBterence between the 
greatest and [eaat range devi;ttiuns. 

(See next paragraph for shots fired at different elevations, and 
examples.) 

12. An error is either: (1) the actual distance of a splash 
from tlie center of impact, in which case it is called an absolute 
error; or (2) the rectangular coordinates of this distance, and is 
either longituditul or lateral. 

(Note that deviations are measured from the target, while 
errors are measured from tJie center of impact.) 

Lines drawn through tlie center of impact parallel and per- 
pendicular to the line of direction form the axes from which lateral 
and longitudinal errors, respectively, are measured in a manner 
similar to that for corresponding deviations. 

Errors are calculated by subtracting algebraically the mean 
longitudinal {lateral or absolute) deviation from the longitudinal 
(lateral or absolute) deviation of each splash. 

The mean of the arithmetical sum of the lon^itudiDal (lateral 
or absolute) errors, without regard to algebraic aign, is called the 
mean longitudinal (lateral or al^lute) enor. 
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For example: 

Actual 

target at 
instant of 
splash. 

5,000 

5,000 



Range 

to 
splaah, 

5,110 



5,000 5,000 
3)14,890 



I^ngitud- 
deviations. 



3) -110 



S.667) + 36.667 



3)366,667 
122.222 = 



4,963.333 - 36.667 (mean). 

The errors detemnined from this example are armament errors. 

Errors are of two kinds — personnel and armament (materiel). 
Personnet errors are those chargeable to the personnel of range 
section in computing, applying, or transmitting data, or to gun 
pointer or range setter not properly pointii^ or using data sent 
from plotting room; such errors are determined by analysis, a 
complete record of all data being kept for the purpose. Armament 
errors are those chargeable to materiel, such as gun, carri^e, am- 
munition, and other undetermined causes. (The mur^e vdocity 
ia also ancct«d by the seating of the projectile, this being really 
chai^eable to the personnel.) 

When the shots are fired with different elevations, as in service 
practice, the deviations are measured from the towed target in its 
different positions at the instant of splai^h, and the errors are 
determined mathematically from these deviations, as follows: 
Range to Mean longitud- 

target at Longitudinal inal deviation 
instant of deviations. (center of 

splash. impact). 

5,000 + 50 

5,400 -20 

5,800 -no 



Longitudinal 



- 20 60 r. meat 

These are the errors entering the figure of merit. If n 
errors were made by personnel, they become "armament" ei 
rors; but if mistakes were maoe, they are chargeable both t 
perBonmel and materiel. 
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When personnel errors are mode, the armament errors can be 

calculated mathematically from deviations which are meaeured from 

expected splashes, instead of from the towed target; the expected 

, splashea are obtained by subtracting the range board correction 



same conditions of pointing and atmosphere, the projectiles would 
not all strilfc the same point, but would be more or less symmet- 
rically disposed about tne center oF impact. Near the center of 
impact the grouping would be denser, but would decrease as the 
distance from the center of impact increased. 

After having computed tne mean longitudinal (lateral or ab- 
solute] error aa explained, the probability of a future shot not 
exceeding any particular error can be calculated by probabilities. 
That error in which it is an even chance it will not be exceeded by 
any shot in that direction, is called the "probable error." 

The "probable error" in any direction is equal to the mean 
error multiplied by .845; this does not mean the probability of 
hitting the tMget, but indicates the probable (i. e., even chance) 
divergence of a shot from the center of impact fired under the 
same conditions. If the battery commander is to intelligently 
make corrections from the observation of fire of either trial or 
record shots, he must know what to expect of the gun It. e., its 
probable error). 

To illustrate: If the mean longitudinal error of a gun, deter- 
mined from a series of shots, were ± 40 yards, the pro^ale error 
would be .845 X 40 = 33.8 yards (this value, .845, is determined 
from mathematics of probabihties). 

If parallel lines are drawn perpendicular to the line of direc- 
tion on either side of the center of impact, plus and minus the 
probable error, they will form the probi^le longitudinal 150%) 
aone, which should contain 50% of all shots fired under the same 
conditions. The 50% lateral zone can be determined similarly. 

If two other pairs of parallel lines are drawn parallel and 
perpendicular to the line of direction and distant from the center 
of impact ± 4 times the probable error, they will form the 10C(gi 
lateral and longitudinal zones respectively. 

The intersection of the 50% zones form the 25% rectangle, . 
and the intersection of the 100% zones form the 100% or total 
rectangle; any shot falling without the total or envelopng rectan^ 
is regaJrded as abnormal. 

In determining the muzzle velocity developed in a series of 
shots, the probable longitudinal error should be determined from 
H,ll the slfots of that series, unless one or more shots are abnormal 



Gunnery and Ballistics. 



_ . . . . ^ a which tall within 

the total rectangle. To determine an abnormal shot, multiply the 
tn«an loi^tudinal error of that series by the following number, 
viz.: 1.72 when n {the number of shots in the series) = 3; 
1.92 when n = i; 2,06 when n = 5; 2.17 when » = 6; 2.26 
when n ■> 7. If the longitudinal error of any shot is greater than 
this product, it should be rejteted; the new center of impact should 
then be computed from the longitudinal deviations of the remain- 
ing shots and the test applied for any other shot which may appear 
abnormal. 

Tljis serves to show that range corrections based on observa- 
tion of fire which is allowed in target practice should not be made 
except as the result of several shots. 

By "accuracy of fire" is meant the satiafactory groujting of 
shots about the center of impact; while "accuracy of practice ia 
having the center of impact at the tai^t. 

RANGE BOARD CORRECTIONS. 

13. The range scale of a gun carriage is, with the aid of a 
clinometer, graduated from a range table wliich ha-^ been corrected 
for height of site (t. e., height above low water) and curvature of 
earth, there being for each battery such a range table which is 
cooG^ructed for normal muiile velocity, zero tide, zero wind along 
rtiOge, and normal atmosphere. When a normal proicctile ia fired 
f rom a gun with normal muaxle vi>tacity into normal atmosphere, 
and the wind and tide are zero, it itill strike at a range equal to 
the setting of the range disc if the latter be in adjustment; the 

Rrojectile ui describing a trajectory is drawn vertically downward 
■om the line of dej&rture by gravity, while its velocity along the 
trajectoi^ is diminished each succeedmg instant by the resistance 
of the air. If the velocity is less, due either to powder or the in- 
creased resistance of dense atmosphere, or wind blowing against 
the range, the distance passed over each second will be less and, 
the aetion of gravity remainii^ the same, the trajectoiy will be 
lower than the normal trajectory and the projectile will fall short. 
Opposite conditions produce a higher trajectory and an increase 
of range. 

If the muzzle velocity, atmosphere, wind, or tide is other than 
normal, corrections therefor are made on the range board and a 
further "corrected range" obtained. The setting of the range drum 
vrhen corrected for gun difference and difference in level of base 



ring is the "corrected range" for that particular shot. 

It, in the firings, the splashes faU short, the muz/le velocity 
used on the range board is too high, and irice versa. 

Normal atmosphere is when the barometer is 29.53 inches and 
thermometo' 59° F. An increase in the barometer indicates heav- 
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ier, and therefore denser, air, which offers more resistance to the 
projectile, caualng it to fall short; a fall in the thermometer, indi- 
cating contraction of the air, making it denser, has the same eSect. 
It thus app«irs that we can have any number of atmospheres of 
normal density (16) and resistance, depending entirely on the 
idative readings of the tliermoineter and barometer. 

A trajectory is baaed on the range. A rising tide causes the 
trajectory to be intersected by the water short of the target by an 
amount equal to the height of tide multiplied by the cotangent of 
the angle of fall. 

The reference numbers on the range board increase from left 
to right — zero wind being 50, and normal atmosphere 16. A ref- 
erence number lower than normal indicatos conditions which ofier 
increased resistance, causing the projectile to fail short, and therefore 
requires a corrected range greater than the actual, and vice versa. 

14. Problem 1: Trial shots being tired at a fixed point as 
prescribed in C. A. 1. O., 1916. 



No. 


Point Fired at. 


Splash. 


Range. 


Azimuth. 


Range. 

6,040 

6,000 
3,900 


Azimuth. 


1 
2 
3 


6,000 

6,000 
6,000 


141,00 
141.00 
141.00 


141.10 
141.00 
141.05 



Solutioii: 



3)17,940 "3)423.15 



Center of impact — 5,980 yards, 141.05 degrees. 
Correction for deflection would be made on deflection board 
by setting pointer for mortars (auxiliary or sliding scale for guns) 
to 2.95 (i. e,, 3.00°-. 05°). The deflection correction determined for 
morlatB at a particular elevation may not be correct at another 
elevation until a percentage factor has lH*n appheii thereto. 
' Correction for range for guns would be made by determining 
a new M. V. as eitplainod under "Muzzle Velocity Chart," Chap- 
ter v.; and for mortars by sliding in the 7one slioe 20 yards (i. ■•., 
6,000— 5,98O=20)( or determining a new M. V. from chart when 
used. The correction, whether for range or muzzle velocity, de- 
termined for one zone, may not lie correct for another zone unless a 
percentage factor is applied thereto. Such a correction for the 



several zi 



I called a 'zone-to-zone" correction. 
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Problem 2: Trial shots might be fired at a material target 
anchored at the desired point. In this case the ranges for the dif- 
ferent shots m^t vary slightly. 



No. 


Range to 
Target. 

5,000 
5,010 

5,020 


Splash. 


Over. 


Short. 

-30 



Right. 

+"^ 



Left. , 


1 
2 
3 


+90 




- .15 


Mean rang 


3)15,030 
= 6,010 


+90 
-30 


-30 


+ .05 


- .15 
+ .05 



+20 - .03° 

The center of impact is 5,010 + 20 = 5,030 yards, and .03° left. 
Correction for deflection would be made on deflection board by 
setting pointer for mortars (auxihary or alidiiw scale for guns) to 
3.03° H. «., 3.00° + -03°). 

Correction for range for guns would be made by determining 
a new M, V.; and for mortars by moving out the xone slide 20 
yards, or determining a new M. V. from chart when uaod. (See 
paragraphs 45, 46, 49, 50, 52.) . 

FORMULA FOR DANGER SPACE. 
15. The danger space of any target is calculated from the 
formula. 

Danger space = A cot (to + e), 
in which h is the height or free board of assumed target, in <omega) 
is the angle of fall for the corrected range (range drum) used, and 
£ (epsilon) is the angle of depression of the target below the gun 
tninnions. £ is the angle whose tangent is the height of gun (in- 
cluding curvature of earth) above the water, divided by the actual 
range to target. The earth's curvature may be calculated from 
the formula, 

/Range (yds,)!' 

Curvature m feet = .2154— 

\ 1,000 / 
. ADJUSTMENT OF CENTER OF IMPACT TO 
CENTER OF RECORD TARGET. 
IB. If muzzle velocity obtained from trial shots is used and 
DO correction for danger spa(» is made, the center of impact shotild 
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f&U at the w&ter line of the taivet, instead of in the center of the 
record target, and the probability of hittii^ would conseciuentiy 
be leaa. The adjuatment of the center of impact to the center of 
the record target is called the "danger space correction," and is 
accompliahed in practice by adding to the tide an amount calcu- 
lated from the following formula, and using the resultant curve 
on the range board, instead of the curve representing the actual 
state of tide: 

39 feet - 30 feet taa tii 

For major caliber guns, correction (in feet) = 

2 
21 - 30 Feet tan lu 

For 5" and 6" guns, first practice, correction = 

2 
These formulfe neglect the small central section of the target 
on account of possible deflection errors, and consider only the 
intermediate section, w (angle of fall) is taken from the range 
table for the approximate corrected range of the practice. For 
rapid-fire guns, and Wnch and 6-inch except for first practice, 
the danger space correction wQuld be 5 feet. 
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CHAPTER m. 

AMMUMITION. 
FUSES. 

17. A fuse is a device for igniting the bursting charge in 
a projectile. 

FuBes are classified, according to conetruction, into (1) ring 
resistance, (2) centrifupkl, (3) combination time and percussion, 
and (4) detonating; they are furtlier classified, according to location 
in the projectile, into (1) point and (2) base. 

All four classes are used in field and siege materiel, white the 
detonating only is used in armor-piercing and deck-piercing pro- 
jectiles and mortar torpedo shell. All of the fuses named are 
percussion fuses (t, e,, burst on impact); the combination fuse 
haa in addition a time element, the shock of discharge causing a 
separate plunger to strike a cap and ignite a train of powder, which, 
if set short enough, will burst in air — otherwise on impact. Under 
each of the four classes are several kinds of fuses designed to ac- 
commodate the muasle and rotating velocities of various calibers. 

Detonating fuses, so called on account of the special detonator 
necessary to explode the bursting charge, are used in ail projectiles 
containing high explosive. 

The detonating fuse used in coast artillery is the "major cal- 
iber base detonating fuse" for mortars and guns S-inoh and above 
("medium caliber" for 5-inch and 6-inch guns, and "minor caliber" 
for Wnch and irader); fuses for shot are delay action, so as to 
allow perforation of armor before bursting: those for shell arc 
non-delay, except that fuses for D. P. shell (when used against 
ships only) are delay action. 

The action of a percussion fuse is as follows: In thuae having 
ring-resistance plungers the shock of discharge throws the plunger 
sleeve to the rear, uncovering and gripping the firing pin; when 
the jffojiectile strikes, the plunger and firmg pin move forward, 
striking the percussion composition and igniting the bursting cliarge; 
in centrifu^ plunger? the rotation of the projectile opens the 
plunger's halves and adjusts the firing pin in position ready to 
strike on impact. A fuse is "armed" when the firing pin is in posi- 
tion, uncovered and ready to strike on impact; this is aecomphshed 
by the shock of discharge in riiig resistance plungers and by rota- 
tion in centrifugal plungers. 

PRIMERS. 

18. A primer is a device for ignitii^ the powder charge in 
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The combination and electrii; primers are used in firings with 
service charges; the drill primer (friction), on account of its lesser 
cost and adaptabihty for reloadini; at posts, for drill and subcallber 
practice ; the percussion primer in fixed ammunition for the 3-tnch 
gun and .30 cahber rifle; and the igniting prinier in the cartridge 
case of subcaliber ammunition— 20 grain for guna and 110 grain 
for mortars. 

The action ot a primer is as follows: In friction primers a 
roughened wire is pulled through the friction composition, causing 
fire; in electric pnmers the electric current passing through a fine 
wire heats it to a red heat; in percussion primers a firing pin strikes 
the friction composition, causmg a spark ; in igniting primers the 
flame from the friction or electric primer ignites the igniting primer 
and is further transmitted to the powder charge. All primers used 
in modern cannon aie "obturating"; i. e., they prevent the escape 
of ^ to the rear by the thin walls of the primer body being forced 
agamst the vent, and the conical surface of the wire being forced 
iota its seat by the action of the powder pressure. Combination 
primers failing to fire by electricity may be fired by lanyard, but 
the converse is not true, on Recount of the i)arts being disarranged. 

The friction and percussion composition used in fuses and 
primers is a mixture of chlorate of potashj antimony sulphide, 
sulphur, and ground glass, in varying proportions. 

Used drill primers are cleaned in lye or sal-soda water, dried, 
and turned in to the ordnance storehouse, where the bodies are 
shaped in the residing press and reloaded as follows: With the aid 
of the assembling tool a serrated wire is placed in the primer body, 
a button wire screwed to its end, a charge of black powder is poured 
in, and the end sealed with a moisl«ned closing cup pressed down. 
Butt on wires are also turned in. 

Primers that misfire are turned in to ordnance storehouse. 
POWDERS. 

19. There are two kinds of gun powder used in our service, 
viz.:- black and smokeless. 

Black gun powder (also called "rifle powder") is a mechanical 
mixture of nitre, charcoal, and sulphur, in the approximate pro- 
portion of 75, 15, and 10, respectively. It is used in the coast 
artillery service for blank charges, in primers, and as an igniter 
at the ends of the charges of smokeless powder. 

Smokeless powder in our service is cellulose (t. e., cotton) 
dipped in. nitric and sulphuric acid (hence the name "nitro-cellu- 
loae"), reduced to a pulp, and then coUoided (i.e., dissolved in an 
ether-alcohol mixture); the solvent is then removed, and the doughy 
mass forced through dies, cut into groins, and then dried— the 
drying process occupying several months. The grain used is single- 
perforated for .30 caliber rifle and subcahber ammunitiork, and 
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miilti-p«rforated for larger calibers. The very important "critical" 
dimenaion of a powder graii) is the tluckneaa between two adjacent 
surfaces (called "web thickaesa"), there beinf; diflerent size grains 
with different wab thicknesses for each caliber. 

The powder charge of a gun (also called "propelling charge") 
is made into one or more sections, the bags beii^ of raw silk, with 
the igniter of black powder quilted at each end. Each section ia 
dipped from the arsenal to the forts in metallic storage > cases 
(sine or corrugated iron). The cases are hermetically sealed (air- 
tight) with a soldered strip, and are opened by tearing off this strip 
with piiera. Empty cases and protection caps are turned in to the 
ordnance storehouse for return shipment to arseDals. 

The later issues of 5-inch and 6-inch charges have also a core 
igniter extending through the a-is of the chaise; this gives extra 
rigidity and assists in the ignition and inflammation, thus giving 
more uniform velocities. Later issues for major caliber guns also 
have core and end igniters and are made up in a single section; this 
facilitates ignition, thereby giving more imiform velocities. Bags 
for craiverting multiple sections into sinde sections are also Issued. 

Mortar charges are issued either (1) in complete charges for 
each zone, or (2) in base charges and increments, the increments 
being added to the base charges for the different zones. The baae 
charges only have igniters (core or base), and, to insure their being 
inserted next to the breechblock, are covered with red cloth or 
painted red. 

Powder Blending. 

which give uniform n , . 

tributiDg, among all the sections to be formed, an equal amount from 
each original section used. The blendine of two or more lots is called 
"compound blending"; each lot ia first olended separately, then to- 
gether — a tabulated record being kept to insure proper distribution. 

Powder is blended in the shade, so that its temperature will 
not be unevenly affected by the sun's rays; also in dry weather. 
as the presence of moisture on powder lowers the muzzle velocity. 
The gross weight of each section should be compared with the tag 
and a report made if a marked discrepancy exists. 

Powder of a single lot may be blended in two ways; (1) Bv 
Uie shovel or cycle method, in which a single pile, contaimng all 
of the powder, is shoveled from the bottom into five or jnore cir- 
cular piles, and then ba(^; this operation, called a "cycle," is 
performed five times, and an equal amoimt of powder, by weight, 
placed in each section — the mixmg to bo done on pauhns. (2) By 
counting grains, in which on equal number of grains, determined 
by. calculation, are taken from each section to make up a new sec- 
tion; the n^t weight of all sections being then made equal. This 
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is accomplished by pladng the opened sections in a lavi, and having 
each man with b. case pass along and take, by count, the determined 
number of wains from each section. A net weif^t tliat insures 
enough 7>owder for the last section should be decided upon, the 
remamder being equally distributed among the various sections. 

The scales should be approximately level, and tested with t^t 
weights. The slide should be clamped, to prevent "creeping." 
Each time, in weighing, place the box or can carefully and accur- 
ately in the same position; observe that the beam balances in the 
middle position when released from the "down" and then "up" 
position. 

A section is opened by rippinR the scams at one end and also 
the lacings. In remaking, they should be rolled and laced tightly, 
so as to insure all rigidity possible. They are then placed in the 
cases, and the latter sealed with parafline applied tmelted) with 
a brush, and locked in the maga: ine. These cases should be ex- 
amined after each firing, and resealed if jarred open. 

All men should be directed ta dispose of all matches and light- 
ers before working with powder. 

Care and Storage of Explosives. 

2t. Magazines must be kept scrupulously clean, free from all 
foreign materials; the ground around the storage place free from 
^rass or other things that mav increase lire risks, and k?ys only 
in the posst-Bsion of thorounily responsible men. A stardard 
thermometer should be hui^ Uierein. 

Magaiinps are ventilated to allow to pass out (1) gases which 
come f>'om explosives, and (2) moisture which collects throuKh 
seepage or condensation. They are opened for ventilation only 
when the outside air is dry. Generally speaking, the conditions 
are favorable for ventilation when the temperature inside is higher 
than that outside, as the incoming air, being raised in temperature, 
can not deposit any of the moisture it may contain; but when the 
latter is verv dry, as may be the case during the summer, the mag- 
azine may oe ventilated with advantage when it^ temperature is 
below that of the outride air. 

Accurate information showing wlien to ventilate is determined 
from the wet and dry bulb thermometers. These are ordinary 
thermometers, the wet bulb bring covered with a wick leading to 
a cup filled with water of the temperature of the air. The water, 
through capillary action, forms around the bulb, where it is evap- 
orated—the amount of evaporation being dependent on the dryness 
of the air, thereby causing a lower reading than tlie dry bulb. 
The method is as follows: Enter Table V. with the reading of dry 
bulb and difference between the two bulbs as arguments, find the 
weight of water vapor in one cubic foot of air; then, with this 
weight, enter Table VI. and find the temperature for the magazine 
thermometer for proper ventilation. This method insures that the 
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incoming air, even if lowered in temperature, will not cause any 
moiftture to be deposited. These tables are in the forta. 

A rough determination con be made, however, from the barom- 
eter; a low reading, particularly on warm da^s, indicating moist 
air — dry air being heavier than moist air; this indication, ao far 
as ventilation is concerned, is undependable, for the reason that 
moisture mav actually be a considerable distance above the earth. 

When the temj>erature of magaaines exceeds 100° F., steps 
ahould be taken to cool the magazine or else remove the explosive. 

Once each month the responsible officer will inspect each stor- 
age place and see that the instructions are carefully observed, 

Casea containing powder or explosives will be handled gently — 
rolling, sliding, or dropping avoided; and must not be exposed to 
the sun's rays. Whenever there is more than one Itind of explosive 
in a magazme, the different kinds will be placed in separate pilee; 
powder of different lots will also be kept separated. 

Smokeless powder is stored alone in the drieet available mag- 
azine, the cases standing on end, with skids between tiers and on 
the Boor. A fresh sample of powder is taken twice annually from 
each lot (except fixed ammunition) and placed in an air-t^ht 
bottle, which ia kept in the magaiine. A fresh strip of test paper 
is placed in the bottle every thirty days and inspected, without 
openiiw the bottle, every week; the bleaching of the paper within 
thirty days indicates deterioration and is reported to the Ordnance 
Officer for further report to the War Department. 

Dynamite, explosive "D," wet guncotton, and trotol may be 
stored in the same magazine, but in separate piles. 

Black powder is stored alone. 

Fuses, primers, and commercial detonators may be stored to- 
gether in any available dry place, but never with powders or 
explosives. 

Guncotton and trotol are used in submarine mines. Dry 

ricotton, except the few primers assembled in a fuse can, should 
wetted before being stored. 

PROJECTILES. 
22. Armor-piercing shot and shell for guns, and deck-piercing 
shell and torpedo shell for mortars, all made of stml, are used in 
actual service. For target practice, cast iron projectiles of ap- 
proidmatety equal dimensions are used. Shell, having the cavity 
extending J>eyond the bourrelet, have not the penetrative power 
of shot, but carry more explosive and are used at longer ranges. 
The armor-piercing cap increases the penetrative power; the bal- 
listic cap, changing the shape of the projectile, decreases the air 
resistance, thereby increasing the range. Broad rotating bands 
more effectually prevent the escape of gas and give more uniform 
velocities. 

Onfr-pound projectiles are used in subcalib^ guns, fv guna 
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Sixeept 3-inch, which use .30 caliber), and eight«en-pound project- 
68 for mortars; a heavier projectile being necessaryfor mortars to 
make a splash which can be seen. The caUber of the one-pounder 
projectile ia 1.46 inch; that of the eighteen-pounder is 2.95 inch. 

Projectiles are piled with points toward the wall, on skid«, so 
that no weight rests on rotating bands. Care should be taken not 
to injure rotating bauds in handling. Projectiles of different kinds 
are piled separately. When magazines are wet, projectiles, after 
having been paint«d, will be slushed. 

Lot numbers are stamped on rotating bands and stenciled on 
base cover; they serve to identify the projectile and the fuse 
to be used. 

Colors to indicate the material of projectiles and the contents 
are as follows: green for cast iron; warm gray for cast steel; 
blue'gray for forged steel; red for black powder; and yellow for 
explosive "D." 

Steel projectiles are painted as follows: Body black; a band 
around center of gravity, one-half caliber wide, and two-thirds of 
ogive, induding cap for shell (entire ogive for shot), of the color 
indicating the material of which made; body in rear of rotating 
band and the base cover of the color indicating the bursting charge. 
A longitudinal black stripe about one inch wide on e-ach quadrant, 
besinning at rotating band and extending to groove or across base, 
indicates a projectile filled, but not fused. Torpedo shells are 
painted black on body and ogive, and have a center of gravity band 
of color indicating material. Cast iron projectiles are painl«d black 
on body and have a green center of gravity l>and, and an additional 
green band of same width between rotiiting l>and and center of 
gravity band. The entire projectile of aubcaliber ammunition in 
front of rotating Itand is black (sometimes with green center of 
gravity band for mortars), 

LoAniNO (Filling) Pkojectileb with Explosive "D." 

23. The base plug of the j>rojectile ia removed, and cavity 
cleaned and painted with rubbenne or other special paint provided 
for this particular purpose. The projectile is placed in a vise, 
base up, under the pile-driver, and explosive "D" in small quan- 
tities poured in (about 10% of the charge) and rammed into a 
compact mass each time, until the charge is up to the bottom of 
the Dase plug. The loose explosive is then removed, the threads 
cleaned with alcohol, greased with vaaeUne, and a disk of paraffine 
paper put on the explosive, and the base plug screwed in tightly. 
Meltoci paraffine is then poured tlirough the fuse hole so as to eono- 
pletely till the space between the explosive and the base plug. 
With the drill and reamer the seat for the fuse is formed in the 
explosive, and the threads cleaned and greased. The plunger con- 
taining firing pin is now assembled in the fuse, the fuse stock 
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painted with nibberine, and ttie threads greased with vaseline, 
otter which the fuse is screwed into its seat. The depressions in 
the base of the projectile, such as wreoch holes, etc., are filled with 
lead, and the base cover put in place and secured by hammering 
the caulking wire into the circular groove. The base cover protects 
ti)e explosive from the powder gases. 

PRESSURE GAUGES. 

24. Ussd to determine the maximum powder pressure in can- 
non. There are three kinds: major, medium, and minor cahber. 
The major cahber is a "fixed "gauge (i.e., acrewsinto the obturator); 
the others are "loose" {i.e., placed in the powder chamber). Cop- 
per cylinders, .5 iuch long, are subjected to various initial pressures 
in a machine and the changes in length tabulated, thus forming a 
" tarage table." These cylinders are issued in packages, and marked 
with the initial pressure used. A new tarage table is computed for 
each new lot of copper cylinders, and care must be taken to see 
that the correct table is available for use. 

A copper cylinder, placed under the piston of the pressure 
^uge, is compressed by the powder gases acting on the piston; 
the change in length (i. e., "set") caused by the pressure of the gases 
is measured and the pressure computed by the use of a tarage table, 
the procedure being as follows; (1) Before using a copper verify its 
initial compression by subtracting its length from its mean length 
(shown in tarape table of same date of annealing the copper and ap- 
proximately .5 mch) before it was initially compressed; then enter the 
second column "Mean Corrected Total Seta" with this diffierence, and 
the initial compression will then be found in the Grst column on the 
same line opposite; (2) Record the length before and after firing; 
(3) Subtract the length after firing from the length before firing, and 
with this difference enter the colunm "Mean Corrected Partial Sets," 
at the head of which is the range of pressures whose first figure is 
the initial pressure; the pressure corresponding to this "set" will 
then be found (by interpolation by proportion) in the fir^t column 
on the same line opposite (when possible, solve by each method and 
check results). The expression Partial Sets" means the change in 
length (i. e., "set") caused by the powder pressure only; "Total Sets" 
means the total change (i. e., "set") from the ori^nal length before 
it was initially compressed. 

To prepare a pressure gauge, remove the closing cap and 
piston, clean and oil parts, select a copper cylinder which has been 
initially compressed from about 2,000 to 7,000 pounds loss than 
the expected pressure of the round, and place it in the cylinder 
holder; insert piston and copper in gauge and screw in the closing 
cap, setting up tightly by means of wrenches. Force a gas check 
down on piston, apply a drop of heavy grease on gas check, place 
a copper washer around (^uge, and screw into obturator spindle 
head, setting up tightly with a mallet and wrench. After firing. 
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the gEuige IB removed, cooled in water, cleaned, and the copper 
measured; black residue in the gauge indicates leakage and pos- 
sible malfunction. 

In using the micrometer caliper, hold the copper firmly, but 
avoid squeeiing. Read to third decimal place oniyi tenths (and 
thousandths in units of 25) on the hub, and thousandths on 
the spindle head; the latter are then added to the former. The 
general method of solution is the same whether the third or fourth 
decimal place is expressed in the problem. 

Examfle: Expected pressure, 32,000 pounds; lengths of cop- 
pers before Bring .4004, after firing .3752 and .3630; determine 
pressure indicated by each gauge. 

Solution; In the second column find a number within .001 
of .0996 (.5000 - .4001), in this case .0994, and in first column 
opposite will be found its initial (machbe) pressure, via., 28,000. 

In column headed "23,000 to 35,000," the first number ia- 
dicating the initial pressure, find the two numbers which bracket 
.0252 {.40M - .3752)—!. e., .0207 and .0258; the powder pressure 
will be found in the first column opposite through interixilation 
by proportion, as follows: 

.0262 - .0a)7 

1,000 X r- + 32,000 = 32,882 

.0258 - .0207 

If the tabulation of the initial compression is not available, 
or if the table does not extend sufficiently far to bracket the partial 
compression (»'. e., change in length), the solution by total com- 
pression, using the second column, is necessary. (Cte account of 
coppas not being exactly uniform when manufactured, a slight error 
enters in the method). For example, .5000 - .3630 - .1370, 
which is the total set. Now find, in second column, the bracketing 
numbers of .1370 and proceed as in the first solution. Thus: 
. 1370 - . 1356 



(Mean length of c 


1403 - .1366 ' ""' '"" 

Tar AGE Table. 
t-linders before initial compression, 0.5 inch.) 


Pressures 

per Square Inch, 

>/.o Squan Inch 

Piston. 


Mean 
Total 
Sets. 


Partial Sets. 


28,000 

to 
35,000. 


32,000 

to 
40,000. 




.0994 
.1201 
.1252 
.1301 
.1356 
.1403 



.0207 
.0268 
.0307 
.0362 




32,000 
33,000 
34,000 
35,000 

36,000 



.0051 
.0101 
.0166 



CHAPTER IV. 

GUNS AND CASRUGES. 

CANNON. 

25. Cannon are firearms not carried in the hands, and are 
claaaified aa follows: (1) Guns are long compared to their caUber 
(30 to 50 calibers), have flat trajectories, and employ high mu7zle 
velocities for direct lire at not exceeding 20° elevation; (2) Mor- 
tars are short for their caliber, employ low velocities for high-angle 
fire, and are used at angles above 45°; Howitzers are short gims 
with low velocities, and are ubed for curved fire at angles below 45*. 

Caliber is the diameter of the bore, in inches, measured be- 
tween lands. The length of a gun is expressed in temiH of its 
caliber: as a 50-caliber 6-iDch gun; this refers to a 6-inch gun, 
whieb has a bore and chamber 50 calibers (i. e., 300 inches} long. 

All cannon are rifled, and, excepting subcaliber guns, are either 
,"bui]t up" or "wire-wound"; in both types the shrinkage of hoops 
or the winding of wire on the tube increases the strength and 
pennits the use of higher powder pressuree. The inner surface 
of coimon is divided into the following parts, in order, beginning 
at the breech: breech recess, gas check seat, powder chamber. 
centering slope, forcing slope, bore. All of these surfaces, except 
the breeeh recess, are in the tube. 

Guns on pedestal oarriagee, 6-inch or less, are termed "rapid- 
fire guns." 

ZG. The gas check pad, in being compressed by the gases 
acting on the mushroom nead, forces the exterior split rings out 
against the tube, thereby preventing the escape of gas. Upon the 
rdease of this pressure the elastic pad, with the aid of the split 
rin^, assumes its nonnal shape. The interior split ring prevents 
the pad from being squeezed m between the filling-in di^ and the 
epindle. The gas check pad is comjKBed of asbestos and taliow, 
with a covering of canvas; to protect against injury and absorption 
of moisture, a mixture of equal parts of graphite and 4}^ lubncant 
is thoroughly rubbed in before it is used, and renewed as required. 

gSoine of the later gas check pads are made of asbestos and non- 
uid oil, and are marked " N. F. O,") 

To adjust pad: Close breech and rotate half way; tighten 
spindle nut as much as poasibtc; if the breechblock can then be 
completely rotated, and when opened the pad can be turned by 
hand without longitudinal play, it is in adjustment, and the spindle 
nut should then be clamped. 

27. To dismantle breechblock: Remove firing mechanism, 
open breech, and place a shot tinack with tray under mushroom 
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head, elevating it until against muahroom head; remove spindle 
□ut and washers, and then move truck bach, withdrawing spindle; 
in this operation the pad and rings should be held together and 
not allowed to fall apart. The fi!ling-in disk, split rings, and pad 
can then be removed. In barbette and mortar carriages, the hoist 
or two men should be subatitut«d for the truck. Assembling ia 
in the reverse order, the pad fitting only when applied exactly 
as removed. 

28. To dismount heavy breechblock (t. e., remove it from 
the tray); With block oa its tray, remove spindle and tray lateh; 
pass a rope sling through the spindle cavity, and, with the aid of 
a gin or lioist, translate off tray and lower to platform. 

29. Pirine mechanisms are kept on guns only when in actual 
use. To attach: Clasp the hinged collar iibout the spindle; slip 
the safety bar into the notch of the hoiisingi hold the housing 
over the hinged collar and screw the latter into the housing until 
the spring catch engages: while doing this, see that the guide bar en- 
ters the groove in the breechblock, and the pin of the safety bar 
slide enters the hole of the safety bar. Put the ejector in place, 
and, with the stop pulled out, lower the slide into position. 

CARRIAGES. 

30. Seacoast gim carriages arc classified asfollows: 

{a) Barbette— where the gun is above the parapet at all times, 

(b) Disappearing — where the gun is above the parapet for 
firing, but recoils below the parapet for loading; 

ic) Masking parapet or balanced pillar mount— where the gun 
is above the parapet for loading and firing, but can be lowered 
below the parapet for concealment; 

(d) Casemate or turret — whera the gun fires through a port. 

31. A gun carriage consists of the following: A base ring, 
which forms the lowest part of the carriage and provides the lower 
roUer path and pintle surface, is bolted to the concrete platform. 
On this lower roller jiath run the conical traversing rollers, main- 
tained in proper relative position by diatimce rings. On the trav- 
ersing rollers rests the racer, which has a pintle surface enveloping 
the pintle surface of the base ring. The rollers and roller paths 
are protected by a dust guard, a section of which has to be removed 
when necessary to clean. On the upper side of the racer is bolted 
the chassis, fastened together by transoms, on which surface the 
top carriage recoils. On mortar carriages (Model 1896), fulcrum 
lugs, fastened to the racer, are substituted for the chassis, the 
top carriage rotating about these fulcrum lugs. Trains of gear- 
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ia broken automatically by opening the breech, or by retractiuE 
the Kun or depressing the mortar; the circuit can be completea 
by tne safety firing switch by hand only when the disappearing 
gun IB in battery, or the mortar elevated about 40°. For nomen- 
clature and object of parts refer to "Gunners' Instruction" and 
tables in the ordnance pamphieta. 

Adiustmen.t of Sight Standard and (Omentation) 
OF Azimuth Indices. 

32. This 19 accomplished by "bore sighting." A bore sight 
(or the vent) is used in the breech, and a string along the vertical 
diameter of the niuzile. Sight through the bore and bring both 
sights (bore sight and string) on object at or beyond mean (5,000 
yards) range; with the telescopic sight in adjuRtment on the sight 
bracket, parallax eliminated, cross-leveled, and vertical wire at 
normal (3.00°), the sight st^dard or bracket is then adjusted to 
bring the;vertical wire on the object. A sight is numbered and is 
intended for a particular gun; only those used in bore sighting 
would be in correct adjustment. 

The azimuth indices of the several guns of a battery are set 
to read the actual azimuth, from the directing point of the battery, 
of a point near the mid-channel at mid-range, when the guns are 
directed on said point. If there be more tlian one channel, the point 
selected should be midway between the several channels. 

Mortars arc bore sighted on a point (or in a transit set up on 
a point and oriented) near the battery; the azimuth indices are 
then set to the azimuth of this point, which was determined from 
a survey. If the transit is oriented so as to read true azimuths 
and then pointed into the muzzle, the azimuth indices would be set 
to read the "back azimuth"; the back azimuth is found by addine 
180° to the true azimuth. The four mortars of a pit are oriented 
80 aa to be parallel when set at the same azimuth. 

Adjustment op Rancc ok Elevation Scale, 

33. A clinometer, an instrument for measuring quadrant an- 
gles (i. e., vertical angles from the horizontal), is used in artillery 
to adjust the range scales and quadrants, and to measure differences 
in level of the base ring. 

Place the clinometer rest (bore plug) in murzle; place clinom- 
eter, set at zero, on rest. level cross-level, and then elevate or 
depress gun until bubble is in center; reverse clinometer on rest, 
and if bubble does not remain in center, it is out of adjustment. 
(Adjustment of clinometer should never be attempted without ex- 
press authority of the Ordnance Officer.) Direct the gun to middle 
of 6eld of fire; set clinometer to angle corresponding to approx- 
imate range <^ practice, and elevate until bubble is in center; 
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then set range drum pointer to teoA the range coirespoDding to 
elevation used, taken from a range table corrected for height of 
site and curvature. * If no such range table ia available, set cUnom- 
eter at 5°, and adjust the pointer to read 5°. In using the clinom- 
eter, it should be protected from the wind, Bun, and body. If the 
records of previous firings show that the several gims of a battery 
are not consistently shooting together, the jwinters may be shifted 
an amount to correct for this difference; such adjustment is called 
"calibration." In adjusting the quadrant and auxiliary elevation 
scale on mortars, the clinometer of the later type only fthe older 
type only reading to 15°) and rest are similarly used, SS° oeine the 
angle, and the quadrant adjusted so that when set at 55° the Dub* 
ble remains in the center, and auxiliary scale reads 55°. A de- 
tachable quadrant which has been tested by a clinometer may also 
be used when the new cUnometer is not available. 

The differences in range to the tai^t from the gun and from 
the directing point or directing gun are called gun differences. 

Differences in level are determined by first directing the gun, 
set at any elevation, to the middle of the field of fire, the bubble 
of the chnometer, quadrant or sight (old model), in the center of 
the level, and at every 10° of the field of fire_, right and left, meas- 
uring the angle of elevation; the difference m elevation from that 
ol the initial position is the difference in level; the ranges (for 
guns) corresponding to these ai^e differences taken from the range 
tikble at the range of the practice, are combined algebraically with 
the gun difTerences, anil the results, in multiples of five, with proper 
sign, chalked on the base ring or concret'e, to be applied to the 
ranges sent from the plotting room. Note that the level correction 
is plus when the angle at the tested position is less than that at 
the original position, and vice <<erxa. No correction for level is 
necessary at mortar batteries. 

) Faiction Mechanism. 



34. The object of this device, a part of the elevating system, 
is to prevent injury to the teeth of the gears when the piece is fired. 
Such devices are on all disappearing and mortar carriages, except 
the 6-inch D. C, Model 1903, and 12-inch D. C, Models of 1897 
and 1901; on these excepted carriages the shock is taken up by 
springs which connect the elevating arm to its slide.t 

The device should be cleaned (disassembling tiD be done only 
by machinist when necessary), lubricated, and, with the gun de- 

*NcyTK.— Thia table Is ho "elfl'iilloii table," and lat« onei also contain a 

"""" +NOTE.— I "the S-ioch D. C, Model IBM, and KHnoh D. C-. Model 1894, 
the fnctioD mechanism is not a link in the train of the eleYstinc maohuiism, but 
is merely ■ brake; these guna should ba depieased to within 1° oi the stop, >o that 
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pieeaed to the stop, adjusted so that slipping will just occur when 
there is further attempt at depression by applying the following 
forces: for 6-inch D. C., Model 1898, one man on one handwheel 
exerting SO pounds; 10-moh D. C, Model 1894Mi, one man on 
each hMidwheel exertiag 100 pounds each; for all other disappearing 
and mortar carriages two men on each handwheel exerting 100 
pounds each. The forces stated herein come withio those pre- 
scribed in G. 0. No. 63, W. D., 1914; will give good results and 
without damage to the parts. 

Dismounting Moeitars. 

35. Mortars should bo raised from thrir beds and the springs 
removed for cleaning every two years. 

Take oS guide caps and guides, and, using the spring com- 
pressors to prevent the springs forcing up the top carria^, unscrew 
piston rod nuts and rotate the recoil cylinders tt^ether to a vertical 
position. Place a block in muizle and a 12-inch skid about 12 feet 
Ions under breech. Then, with the aid of cribbing and three 15-ton 
jacks (one under the block in the muzzle, and the other two at the 
ends of skid) , raise the mortar, the top carriaj^ rotating about the 
fulcrum, until the springs are fully extended, when they can be 
removed for cleaning and painting, Tho trunnion cap squares can 
then be removed and the top carriage, with the aid of a jack or 
gin, lowered sufficientlv to enable one to clean the trunnion bearings, 
and the whole assembled in the reverse order. 

Cleaning of Recoil .Cylinders. 

36, Recoil cylindeiH are cleaned twice each year. Hydroline 
oil is first drawn off into receptacles, using hose qt buckets, and 
strained, Farta to be removed should be marked, to insure their 
being assembled correctly. The equalizing pipes may be cleaned, if 
necessary, by flushing or forcing through oil or kerosene with a 
force pump, but the pipes must not be removed for any purpose 
except by an ordnance machinist. When tlie oil, poured succes- 
sively through the cylinders, drains through the pipes, it is evidence 
(except for carriages not in use for long periods) sufficient to indicate 
that the pipes are clear. Cylinders are kept filled to prevent rust- 
ing. To fill; Pout oil into one hole until it appears In the other. 

Disappearing carriages (first method). Retract the ^n and 
with the ropee ^ick away until the top carriage rests against two 
planks cut to hold the top carriage from the stop with the pistons 
in the middle of the cylinders. Remove piston rod brackets from 
the rear end, the two nuts from the front ends of the piston rods, 
loosen stuffing box follower, but do not remove packing, and re- 
move rear cylinder heads, and slide all parts to the rear out of 
the cylinders. The cylinders and parts can then be cleaned with 
abraelTee (tiot sandpaper), wiped clean, and the whole assembled 
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in the reverse order. In case it is not desired to remove the piston 
rods, the cylinders ean be cleaned with a force pump and kerosene, 
the latter beine forced in all tlie crevices. After assembling, the 
cylinders are filled with hydroline, the fiUint; plugs inserted, and 
the gun drawn from and let into battery slowly with the ropes, 
to insure there is no binding. It may be necessary to add more 
hydroline. 

Disappearing coniages (s«cond method). Put into cylinders 
ten gallons of kerosene and with the ropes draw the gun back and 
forward several times. Draw out kerosene and put in the same 
quantity of hydroUne oil and repeat operation. This hydroline is 
then drawn off and used for cleaning purposes only, wid the 
cylinders filled with clear hydroline. Do not trip unless cylinders 
are hlled with hydroline. 

Barbette carriages. Retract gun and set in two planks cut 
to hold top carriage from the stop with the pistons in the middle 
of the cylinders^ Remove rear cylinder heads and piston rod nuts, 
and withdraw piston rods from the cylinders. The cylinders and 
sliding parts can then be cleaned with kerosene and abrasives (not 
sandpaper), wiped clean, and the whole assembled in the reverse 
order. In case it is not desired to remove piston rods, the cylinders 
can be cleaned with a force pump and kerosene, the latter being 
forced into all the crevices. After assembling, the cyUnders are 
filled with hydrohne and the gun retracted to the stop and let into 
battery with the ropes to insure that there is no binding. 

Mortar carriages. Take off guide caps and guides, and. using 
the spring compressors to prevent the springs forcing up the top 
carriage, unscrew piston rod nuts, holding cylinders so that thoy 
will rotate together to a vertical position. Remove upper cylinder 
heads, loosen stufRng box followers, but do not remove packing, 
and with a gin withdraw piston from cylindur. The cylinders and 
sliding parts can then be cleaned with kerosene and abrasives (not 
saivlpaper), wiped clean, and the whole assembled in the reverse 
order. In case it is not desired to remove the pistons, the cyUnders 
can be cleaned with a force pump and kerosene, the latter being 
forced into all the crevices. 

Gkeasb Cups. 

37. Grease cups, attached to gun and mortar trunnion bear' 
ings and. to the front ends and middle of gun levers, are filled with 
No. 4J^ lubricant (a thick grease), to protect against excessive fric- 
tion. When filling, the cap is screwM down until the nut of the 
rod protrudes J^ inch; when the rod does not protrude when the 
cap IS fully down, the cup needs refilling, the cap being removed 
for this purpose. 

Recoil System. 

38. The front ends of recoil cylinders (bottom ends of mor- 
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tars) are conaected by an equalizing pipe, which equaUzes the 
pressure in the two cylinders during recoil, thereby preventing 
jamming by one side recoiling faster than the other. In mortar 
carriages, if the pipe is injured, the holes entering the cylinder can 
be plugged and the firing continued| the same correction can be 
applied to gun carriages if the recoil is not too free. In disappear- 
ing carriages the equalizing pipe is connected through a connecting 
pipe and throttling valvo to throttling pipes which enter the rear 
ends of the cylinders, thereby permitting a regulation of the flow 
of oil for the adjustment of recoil for proper loading. position. In 
cylinders of gun carriages are throttling bars, which work in slots 
of the pistons; the Iws vary in thickness, beine thinner at the 
rear ends, so as to provide vaiying oi>eni]i^ for the flow of oil, in 
order to accommooate the different velocities ot recoil, thereby 
keeping the pressure constant. In mortar carriages, grooves cut 
in the walls of the cylinders are substituted for throttling bars — 
the grooves being deeper at the upper end. In some of the later 
models of gun carriages grooves have been substituted for throt- 
tling bars. 

Recoil of ^n carriages is taken up, (I) by .the resistance the 
.oil offers in being forced from one side of the piston to the other, 

(2) by the recoiling parts running up the inclined chassis rails, 

(3) bv friction of the sliding parts; and also, in disappearing carri- 
ages, by raising tlie counter-weight. In mortar carriages recoil is 
taken up mostly by the oil, but a small amount is absorbed in the 
compression of the springs. 

Recoil (recorded for each shot) is expressed in notches for 
disappearing carriages and in inches for other carriages. In mor- 
tar carriages a string is tied around the piston rod just above the 
follower, and after each shot its distance from the follower, added 
to any amount the carriage fails to go fully into battery (space 
between cross-head and balata buffer), is the recoil; in bai4>ette 
carriages the string m tied around the elevating shaft instead. 
The string is readjuiSted after each shot. 

The proper setting of the tlirottling valve is determmed from 
the last firings, the record being in tlie emplacement book; opening 
the throttling valve one turn lengthens the recoil about three 
notches, and vice versa; an increase in temperature of 10° also 
lengthens the recoil one or two notches, 

Coimter-recoil is effected by the recoiling purts sliding down 
the inclined chassis rails and oy the falling counter-weight; in 
mortar and pedestal carriages spring provide this motion. Coun- 
ter-recoil buners in each cylinder' cutch a portion of the oil at the 
ebd of counter-recoil, forming a cushion and preventing a jar; in 
some disappearing carriages oufier pipes open into these bimers, 
with a valve to r^ulate the oil and muce this adjustment. 

The bufier valve should be set at the setting employed at the 
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laat firing, and, with the cylinders filled, the carriage tripped sev- 
eral times to verify its correctness; if a rebound ogcutb, close valre 
or remove hand-weights; if it does not counter-recoil to stop, cor- 
rect oppositely. A change in the throttling valve sotting aaa no 
.effect on the counter-recoil, but the buffer valve does aSect tbp 
recoil; therefore the throttling valva must be closed the same 
amount the buffer valve ia opened, and vite veraa, to compensate 
for the chan^ in the buffer valve. 

Throttling valves are graduated in fractions of a square inch 
of opening, either in multiples of .04 or ,05, In the first type a 
half turn corresponds to ,013 square inch, in the second type to 
,035 square inch Buffer valves are denoted in notches; one notch 
equaling ,00Q square inch for Wnch and 10-inoh D, C, Model 1901, 
and 12-mch; and one notch equals ,0015 square inch for lO-iach 
D, C, Models 1891 and 1806, In mortar carriages correct counter- 
recoil is obtained by adjusting the springs so they will return the 
cross-head to the baJata Duffers, with no rebound, when the mortar 
(elevated about 30°) Is depressed rapidly against the stop; in mak- 
ing this adjustment the lock must ba held open, otherwise it may 
be injured. 

On those carriages which have a combination recoil and buffer 
valve the recoil, as well as the counter-recoil, is ra^uated in 
notches, (closed) to 80 (VJ square inch, open). Only on dis- 
appearing carriages which have the recoil cylindera vertical a change 
in the setting of the recoil valve does affect the counter-recoil, and 
allowance has to be made therefor; in this type of canines the 
settii^ of the buffer valve ia best determined by tripping, although 
the valve is marked for different temperatures of atmosphere to 
facilitate setting. 

Carriages which can not be adjusted for recoil and counter- 
recoil as described require alteration either in the buffers, throttling 
bars, oT grooves, by machinists. 

Stpfpino BoxEa. 

39. Stuffing boxes are intended to prevent leakage of oil, par- 
ticularly during recoil and counter-recoil. 

To unpack a. stuffing box, draw off oil (except when packing 
upper box on mortars), remove follower and gland, and with a 
packing extractor or hook remove packii^. 

To pack a stuffing box, put in one rmg at a time of Garlock'e 
Waterproof Hydraulic Packmg until six rings (five tor mortars) 
have been inserted, being careful to break joints and to force each 
ring down with a. wooden stick and mallet, Packii^ badly worn 
should be discarded; other packing that has been used should be 
put in after the new [>acking. The giand is then put in place, and 
the follower screwed in and adjustal with the force oi two mat 
working on the wrench (not using pipe or other extension). 
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Cabe or Materiel. 
40. The oils fumiahed by the Ordnance Department are as 

follows; 

Name. Ute. 

Hydroline For filling recoil cylinders. 

Drawing compound, . .Sponeing chamber and breech. 

Kerosene For cleaning purposes only. 

Light slushing For the bore and for the bright parts of guns 

and carriages when they are to remain 
unused for a considerable time. 

En^e For bright parts of guns and carriages when 

indauyuse; ani^ hibrica ting purposes where 
oil-holes or plugs are provided. 

No. 4J4 lubricant.. . .For filling grease cups of heavy bearings. 

Turpentine For thinning paint. 

Clock For bearings of sights, position-finders, etc. 

Graphite For use on heavy bearings in connection with 

No. 4}^ lubricant, proportion 5 per cent 
graphite to 95 per cent lubricant by vol- 
ume. Also for use on gas check pads, pro- 
portion 50 per cent grat>hite and 50 per 
cent lubricant by weight. 

Oil, except in oil holes, is ajiplied with a brush; it may be re- 
moved either with a scraper or with waste saturated with kerosene. 

All bearings and bright parts should be kept lubricated so as 
to prevent rust. Before oiling an oil hole, wipe off all dirt or grit 
near the opening that might be carried into the bearing by the oil. 

In general, three coats of paint are given guns and carriages 
the first year, and thereafter two coats per year. All parts, eireept 
bronze trays, breech mechanisms, bearing surfaces, handles of hand- 
wheets, stufiing box followers, grease cups, scales, and name plates, 
are painted. Guns are painted gray, or other color tor invisibility ; 
carnages are painted green. 

When the paint begins to j)eel off, it should be removed before 
a fresh coat is applied. Old paint can be removed by a scraper 
after a mixture 0! hot lye and lime has been applied and has dried; 
several applications may be necessary. 

Rust IS removed by emery cloth — sandpaper must not be used . 

Tactical numbers are given guns and mortars. Guns are num- 
bered from right to left, the numbers being placed on the gun or 
carriage. Mortars are numbered as follows; The ri^ht rear mor- 
tar. No. 1; ri^ht front. No. 2; left rear, No. 3; left front. No. 4; 
the nurober being placed on the face of the breech. The right pit 
ie lettered A, and the left B; these letters being placed on the 
median line of the front wall. 
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Batteries are "in service" when used at daily drill, and "out 
of service" when in the hands of caretakers. A battery is "out 
of coromiaaion" when in an unserviceable condition. All batteries 
ready for use are "in commission," whether "in service" or "out 
of service." 

The habitual position of guns on disappearing carriages is 
"from battery"; on other carriages, they will be given an elevation 
of 6°. Breech covers are kept on. Mortars are kept with the 
axis of bore parallel to the piston rods, breech cover off, and trans- 
lating roller in place; where snow and ice may fonn, or sand blows, 
they are kept horizontal with breech cover on. 

Etectrical Equipment. . All motors on ijun carriages should be 
operated weekly t« insure their being kept in order. Bearing parts 
ahculd be oiled and moisture which accumulates in motor casings 
should be removed frequently. Cables, whether tor light or power, 
should be protected from injury. Tnc following precautions should 
be observed. 

(1) Bfifon tripping the sun, nuke sure tbst tha tetntcting cnbles are de- 
tacbed rroni the gna levsr boaka. 

(2) Before Htartiac motor, take up all uleck oi 
theyliaintl 




The ammunition service apparatus (trolleys, blocks, mote 
and hoist) should be operated weekly, and all part^ cleaned a .. 
properly oiled. Care should be exeroiaed particularly in the han- 
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FIRE CONTROL APPASATUS. 
ANEMOMETER. 

41. Thia instrument consiste of four hemispherical cups 
mounted on a. vertical apiadle so as to revolve under the action 
of the wind. A stop watch ia Htart«d "nd stopped electrically 
(or b^ h&nd) at successive signals from the instrument, and the 
velocity of the wind in miles per hour is indicated in red figures 
OQ the watch. A mean of five readings is taken as the velocity. 

ATMOSPHERE SLIDE RULE. 

42. This device is used to determine the atmosphere reference 
number tor the range board by applying the barometer and ther- 
mometer readings thereto. Such reference nurubeF denotes the 
relative condition of the atmosphere as regards its density (thick- 
ness) compared to another atmosphere which was taken as normal. 
The rule also includes a, scale showin); how muisle velocity is 
affected by the temperature of the powder, (See paiagraph HI.) 

BAROMETER. 

43. 'The barometer expresses in inches and hundredths of an 
inch the height of a column of mereuty which the pressure (weight) 
oj the atmosphere forces up a tube exhausted of air. 

There are two kinds of barometers; mercurial and aneroid. 
In the mercurial barometer the column of mercury is actually used 
and is measured; while in the aneroid barometer a thin metal box 
exhausted of air is used instead, the change in the box on account 
of the change in the air recording witli a pointer. The aneroid 
barometer is generally used, the mercurial being used only to , 
adjust the aneroid. 

COMMUNICATIONS AND EQUIPMENT, 

44. Telephone linos from the fort commander's station to the 
following: F. C, meteorological, and tide stations; searchlights; 
and post telephone switchboard. 

Telephone linee from the fire commander's station to the fol- 
lowing: Fort c<Knmander's station; B, C. stations; seuchlights 
of fire command; post telephone switchboard; also from fire 
command plotting room to fire command observiiw stations. 

Telephone lines from B, C, station to F. C, station; to all 
battery ol:>seTving stations, and to plotting room wh^i not adjacent 
thereto (called "mtelligence line"). 

Telephone line from plotting room to each battery observing 
station (called "data line"), and to the B. C. station when not ad- 
jacent thereto. 
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Telephone line, speaking tube, or ttanamiasion device, from 
plotting room to emplacement platforms or pits (called "gun.line.") 

For mortara there are in addition: a telephone line, speaking- . 
tube or zone signal line from the plotting room (or from the booth) 
to the magazines and galleries, and a telephone line or speaking 
tube and pit firing system from the pita to the station where the 
battery commander is located. 

FiKE CoNTROi. Equipment vh Stationb. 

Fort Commander's Station (C): Telephones with switch'key 
Bet (and speaking tube to booths); D. P. F.; observation telescope: 
searchlight controllers; general defense plaiia; battle chart, show- 
ing areas covered by the different fire commands^ table of salvo 
and datum points; harbor chart, showing location of subareas, 
searchlights, and searchlight areas. 

Fire Commander's Station (P']: Telephones with switch key 
set (and speaking-tube to booths); D, P. F.;- observation telescope; 
T. I. bell; searchlight controllers; general defense plans; battle 
chart, showing areas covered by the different batteries; table of 
salvo and datum points; harbor chart, showing location of sub- 
areas, searchlights, and searchlight areas. 

Battery CommandoT's Station, guns (B. C): Telephones; aa- 
imuth instrument or telescopic sight on azimuth instrument base; 
T. I. bell; stop watch; megaphone; general defense plans; table 
of salvo and datum points; range table. 

Battery Commaitder's Station, mortars (B. C): Same as ^n 
battery, and, in addition, a time azimuth device and a pit firmg 

Observing Station (B', B", P", etc.): Telephones; D. P. F. 

orasimuthinstrument; table of datum points; chart showing subareas 

Plottii^ room, fire command (P): Telephones; stop watch; 
plotting board; prediction scale and set-forward rule (or predictor) , 
table of salvo and datum points. 

Plotting room, guns (P): Telephones' stop watch; plotting 
board; prediction scale and set-forward rub (or predictor); deflection 
board, rai^e board, wind component indicator; atmosphere rule; 
table of salvo and datum points, muzzle velocity chart. 

Plotting room, mortars (P): Telephones, stopwatch; plotting 
board; predictionscaleandset-forwardrule(orpredictor); deflection 
board; table of salvo and datum points. 

Emergency Station (E): Self-contained rai^e finder; stop 
watch; megaphone; table of salvo and datum points; range table. 

Meteorological Station (M): Telephone; barometer; thermom- 



NOTE— Of the equipr. ., 



lI Corps property: harbor oharto, Bpeuc 
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property. 
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DEFLECTION BOARD (GUN). 

45. A device by me&DS of which corrections for wind and drift 
(and also, when using Case I at II, travel during time of flight) 
are added algebraically and a. lefereace number calleJI "deflection" 
(or "asimuth correction" in Case III) obtained. This number is 
aet off OD the sight in Case I and II, and on the gun arm azimuth 
correctiondevIceinCasel.il. There are leaf range scales, T squares, 
and wind scales for service and subcaliber projectiles.* 

Operation in Cabb I and II; 

(1) Set wind arm to deflection component indicated by the 
wind component indicator; 

(2) Set platen so that leaf range scale at corrected range 
intersects ri^t edge of wind arm; 

1,3) Set right (straight) edge of travel arm on circular scale to 
denote travel of target (Turing observing interval (30 seconds); 

(4) Set T square at corrected range to intersect rieht (straight) 
edge of travel arm; on the deflection scale or auxiliary scale is 
then readj at left edge of T square, the deflection to be used on the 
sight or Sight bracket. 

Ofbration IK Case III is the same, except that the T square 
is set normal (travel zero) and the azimuth correction for the ^n 
^arm azimuth correction device is read on the aiimuth correction 
scale or on auxiliary scale, these scales being set normal except 
when applying a correction. (In this cofm the correction for travel 
was made on plotting board whin the set-forward point avaa located, 
the Kun being fired on bell.) 

To apply an arbitrary correction, numbers 2, 3, 4 are placed 
on the aaunuth correction (sliding) scale below 14, 15, 16, respect- 
ively; or the auxiliary scale may be used, numbers 14, 15, 16 beinK 
placed under 2, 3, 4, respectively. The arbitrary correction is 
obtained from the B. C. instrument. (See paragraph 121.) 



DEFLECTION BOARD (MORTAR). 
46. A device by means of which the azimuth of the taiTget, 
or set-forward point, is corrected for drift and other causes. The 
principle of the board depends on the theory that for a particular 
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projectile the angular drift ia the same at a given elevation what- 
ever tlie zohe or muzzle velocity; consequent^ there are drift scale 
slides for the different projectiles. 

Operation: 

fl) Set the pointer to the elevatioQ determined from the zone 
scale of the plottmg board, or from the elevation board; 

(3) RoUkte the cylinder until the azimuth of the set-fontard 
point, in degrees, is shown in the right half of the slit; 

(3) Set the pointer attached to drift scale to the aaimuth of 
the set-forward point: the corrected aaimuth pointer on the left 
will then indicate the corrected azimuth of the set-forward point 
to be used in the pit: 

The deflection scale pointer is kept at 3 unless a correction is 
to be made, the correction being obtained from the B. C. instrument 
as e>nlained in paragraph 121. 

On deflection boards which have the chart (DeCarrt) substi- 
tuted for the drift slides the operations are as follows: Tlie chart 
ia rolled until the normal drift for the projectile to be used is under 
the pointer; the elevation pointer (3) is then set to the elevation, 
and the azimuth pointer to the actual azimuth; the pointer on left 
will then indicate the corrected aimuth. An arbitrary correction 
is applied by setting the pointer to the elevation at which it. ia 
desired to make the correction, and then rolling the chart until 
this elevation Une is opposite the correction reference number od 
elevation pointer; the chart ia then used in this position, the pointer 
(3) being then set at the elevation to be used. 

I'BOBLEM (Using deflection board) ; Azimuth of target 280; 
elevation 60; arbitrary deflection correction 3.4S| answer, corrected 
azimuth would be 275.50 for 1046-pound projectile. 

The board is tested for accuracy by the use of the test points 
A, B, and C, stamped on the cyUnder, deflection scale, and drift 
scale slide; ttie pointers are set on corresponding points fA) and 
the corrected azimuth pointer should indicate the azimuth stamped 
on the drift scale slide (opposite A). 

DEFLECTION RECORDER'S BOARD. 

47, The deflection recorder (member of gun section) records 
on this board in figures about 8 inches high the deflections sent 
from the plotting room, erasing the last ones recorded where 
necessary. 

In Case III the azimuths will be recorded instead. 
INDICATION AND IDENTIFICATION OF TARGETS. 

48. The water areas of harbors are divided into subareas by 
the coast defense commander and each raven a nftme. 

A taiget is indiGat«d as follows, the dash denoting a pause 
in the command so the operators can 'phone thb words preceding: 
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TARGET — NORTH STEAMER COMIMG IN (or 

BATTLE-SHIP DIVISION, SHIP NUMBER ONE , or CLASS 

POUR TWO, etc., etc.)- — TRACK. 

ExpiutNATiONi The firat command TARGET serves to call 
Uie details to altentioa. 

The second command gives the subarea which contaios tlie 
target; the observers and gun pointers traverse to the direction 
indicated. 

The third command describes the target. No exact system 
can be prescribed, except that as few words necessary to accurately 
identify should be given. The leading ship in column or starboard 
(miUtary right) is number one. The Arst figure after CLASS do- 
notes the number of funnelfii the second, the m^ts. 

When the observers and gun pointers are on target, they report 
BMB" or Ho. 1, etc.) OH TARGET; the battery commander 
then gives the fourth command, TRACK. This command refers 
to the system generally used (t. e., horirontal base), the words 
VERTICAL BASE, etc., being employed for other cases. To 
cha^e from one system to another, command VERTICAL Tor 
HOSOZONTAL, etc.) BASE, TRACK. 

To change to another ship in the same division, commands 
CHAHGE TARGET rSHIP NUMBER TWO. 

The forward funnel of steam vessels and the forward mast 
of sailing vessels will be observing and aiming points, respectively, 
tor observers and gun pointers: for other targets and when con- 
ditions require, the point will be designated by the battery com- 
mander before his command TRACK, as OBSERVATION ON 
SECOND MAST, etc. 

To identify a tai^t, the command B' (or B") DESCRIBE 
is given, at which command the observers concerned, without ceas- 
ii^ to track, give a full description of the taraet; if satisfactory, 
thesignalOH TARGET B' (B") is given by the battery commander. 
Target may similarly be identified by gun pointers. 

Fire commanders indicating targets use similar commands, pre- 
ceding, however, with the words ALL BATTERIES (or name of 
battery, aa EUSTIS): this serves to call the battery to attentinn. 
At ni^t the number of the searchlight covering target, as IN 
FSVE, may also be used. The target may also be mdicated by the 
F. C. station tracking and locating a predicted point, the relocated 
azimuth and range of which is set off on the B. C. instrument; 
the M^ial NOW IS given when the tai^t crosses the wire of the 
F. C. instrument, at which instant it should also be found in the 
B. C. instrument. Targets may also be indicated and identified 
by a S3^t«m of squares. 

MUZZLE VELOCITY GRAPHIC CHART FOE GUNS. 

49. A chart to determine, from lirines of trial or other shots, 
the muzale velocity to be us^ for record shots. 
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Operation: 

(1) Set the T square do that the curve corresponding to the 
actual range of the target for trial shots intereecta at the velocity 
BBBiuned: the velocity for record shots will then be found on the 
T square at ita intersection with the curve which represents the 
actual range to center of impact of trial shote. 

MUZZLE VELOCITY CHART FOB MORTARS. 

SO. A chart to determine from firings of trial or other shots, 
the muzzle velocity to be used for record shots. It consiatB of a 
series of zone lines on which are marked tanges and corresponding 
rhuz^le velocities, and a string or ruler attached to a pivot. 

Operation: Having determiiked the range to a shot, or cen- 
ter of impact of shots tired at the same elevation with the same 
powder, set the ruler to this rangej the intersection of the ruler 
with the various zone lines will then indicate the muzzle velocity 
for the various zones for this particular blond of powder. The 

Kints of intersection also indicate ranges t^ temporary indices to 
marked on ruler of mortar elevation board. 
The chart may be similarly used to make range corrections 
from observation of fire. 

MORTAtt RANGE-ELEVATION BOARD, 
St. This consists of a chart on which ore drawn elevation 
and time of flight curves and velocity zone lines. A range ruler, 
adjustable both up and down and across and containing a pointer, 
is mounted across the chart. A slide for obtaining time of fligh] 
is also attached. 

Operation of a Boabd Dehionbo by Libutenaiiit DkCarrb: 

(1) Set the ruler'to the zone or muzzle velocity determined 
from the muzzle velocitv chart; 

(2) Adjust zone index of ruler to the 59° line (when velocity is 
not normal, as determined from the trial shots, use a temporary in- 
dex placed on ruler opposite range to center o? impact) ; 

(3) Set pointer to range of target or set-forA'ard point; and 

(4) Read the elevation on chart opposite pointer. 

(5) The time of flight for the next set-forward point is predicted 
(for ttse of the plotter) by means of a celluloid slide which has an 
arrow at one end. At each reading of elevation the arrow, remain- 
ing at the range to lost set-forward point, a. pencil mark is made on 
the slide, thus indicating the travel between the two points; the 
arrow is then brought, up to the range of the Bet--forward point and 
the time of flight is found opposite the pencil mark, which is then 
erased. 

(S) When the set-forward range is about to pass off the eleva- 
tion curves, the ruler is set to the next zone or muzale vdocity 
line as in (1), and that zone index (permanent or temporary) set 
to the 1)9° line as in (2). The operation then continues as dcecnbed. 
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PLOTTING BOARD. 

52. The plotting board ia & representatioa on a reduced scale 
of the surface of the earth — normally, 1 inch on the board repre- 
Benting 300 yards on shore or water. A board is used right-haoded 
when the secondary station block is to the right of the center of 
the board; left-handed when to the left. The primary arm is al- 
ways pivoted ahout the primary station block at the geometrical 
center of the board, though the corresponding observing station 
on shore may be called B" or B'". Boards issued for right-hand 
base lines have the arms graduated on the right-hand edge, facing 
the field of fire; such boards could be used left-handed, but would 
be awkward for plotting, consequently in such cases arms graduated 
on the other edge would be requisitioned for. Station blocks grad- 
uated for right-hand base lines could be used for left-hand base 
lines, but the numbers would have to be reversed — t. e., the zero 
would be where the 25 ia stamped. 

In verifying the orientation of the board, first orient oneself 
on land bo as to get a mental picture of the location of the base end 
Btations in relation to the battery, and make sure that the proper 
telephones ^ to the proper readers. 

The aaimuth and length of the base line and rectangular co- 
ordinat«s of the directing point are obtained from a survey and are 
recorded in the emplacement book and in the office of the artillery 
engineer. By rectangular coordinates is meant the perpendicular 
distance of the directing point in front or rear of the base line 
(called "longitudinal"), and the distance to the right or left of 
the primary block measured along the base line (called "lateral"). 

The normal Une is the radius of the board at right angles to 
the base line when the verniers at each end of the base line arm 
are set at zero. The azimuth of the norni^ hne is found by sub- 
tracting 90° from the azimuth of the base line (hundredths neg- 
lected) for a right-hand board, or by adding 90 for a left-hand 
board (hundredths neglected).' 

The gun arm is always set at 2,00U, except that in subcaliber 
work it may be drawn in tor convenience in plottiiw, and a separate 
scale attacned. For subcaliber practice tne scale of the board 
may be increased to 1 inch = 100 or 150 yards, the proper correc- 
tions beii^ applied to all linear scales on base line arm, gun arm 
center, all arms, and another coupler substituted. 



Near the outer circumference of the board is sometimes drawn 
o be used by the gun arm for determining the 
idicted point m Case III for guns, and for setting 

native molhod of detflrmininB the normal line (or orientini 
the neit Cull degres, when the buDdredllis are more than 
ttntinff tho base line arm contra-olookwiAe the hundredthe 
!roa taken. In Dbecking the orientatioa of Oik bOHrd. botb 
nj out bolote tbe (radualod «tiipa are ehaoaed. 



Coast Artillery Matdriel. 




Fire Control Apparatus. 49 ' 

ofF aaimutha. This scale should be drawn for the primaiy or 
secondary when these stations are used aa B. C. Btations. They . 
conaiat of two concentric circles several mches apaH, drawn with 
tbe proper station as a center, d^jee marks being eetablished by 
the proper arms; diagonal lines connect the outer and inner od- 
jscent degree marks, and the interesection of the arm, on which 
a scale is attached, with the dia^nal determines the azimuth (on 
Bome the space between the two circles is divided by several circles). 
Index boxes are marked for the proper arms. They are as- 
sembled with the disk set at 50 and the pinion and rack in mesh 
at D (marked on the pinion and rack), and then sUpped on the 
arm and azimuth circle wlien the arms are near the ends of the 
base hne arm. Screws for limitii^ the lateral motion to 99 are 
provided. One index box is marked "Prim. R. Aux, L." and the 
other is marked "Pkim- L. Aux. R."; the former goes on primary 
arm when the board is used ridit-handed, the latter on primary 
arm when used left-banded. The remaining box goes on the 
auxiliary arm. 

To Orient Board; 

(1) Clamp primary arm on normal line, the index disk being 
at lero, so that its readins edge extended would pass throu(^ the 
middle notch, determined Dy counting (lett«r N stamped on some 
boards) of the azimuth circle; 

(2) Number clockwise, or H^t in the graduated strips so that 
the arrow of index box points to the aaimuth of normal Ime; 

(3) Clamp auxiliary arm, the index disk being at zero^ over 
primary arm, and number clockwise, or set in graduated strips so 
that arrow of secondary points to (on outer circle) the same azimuth 
as the primary; 

(4) Set secondary station block to length of base line, and 
connect secondary and auxiliary arms with a coupler having same 
length aa base line; 

(5) Rotate base line arm clockwise from its zero position an 
amount equal to hundredths (only) of base line aairouth, and clamp 
both ends (see, also, alternative method)^ 

(6) Set longitudinal and lateral adjusting slides at zero; set 
gun arm over primary arm, using targ, and number contra-clockwise, 
or set graduated strips in gun arm azimuth circle so that the gun 
arm will read the same azimuth aa the primary; the degree pointer 
can be adjusted laterally, and the subdial either by rotation or 
shifting the arrow; 

NoTA. — Whan tba aumuth and rangfl of thfl dinctiDB; pomt from prim&ry 
i> kuawn, aa ensiw method of Drieotiiig kuq arm than descnbed under W is u 
ie&im»: (1) Set primary arm to aiimuth, or back siimutli, at dinoling poiol 
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(7) Set gun arm center over directing point by sliding to right 
or left, front or rear, amounts in yards equal to lateral and longi- 
tudinal coordinates of directing point' if graduations can not t>e 
seen, remove screws from front end of lon^tudinal slide and from 
inside of Bubdial, and rotate out of the way; 

(3) Set Kun arm at 2,000 (or for mortara, when elevation board 
is not used, locate on zone slide a zero opposite the arrow so that 
the elevations opposite ranges will be as shown bn range table, 
and apply Bi range correction scale in yards, the minus graduations 
extending in and the plus out, or reference numbers may be used 
instead). 

To Check Accuracy of Board: Using assumed or known 
aaimuths, plot points in the right, left, and center of the field of 
fire. The ranges (and also asimtith for directing point) to these 
three points, measured by the three arms, should be the same as 
those calculated by trigonometry. 

(1) Set primary and secondary arms to azimuth of target and 
plot point of intersection; 

(2) Locate the set-forward point when using a moving target 
as described nnder "Plotting Room Duties" and Set-forward Rule" ; 

(3) Read range (zone, elevation, and time of flight for mortars 
when elevation board is not used) on gun arm (which is set at 
2,000, except for subcaliber) when the latter is brought to targ 
placed on point plotted, or on aot-forward point when tracking a. 
moving target; 

(4) R^d azimuth on gun arm azimuth circle when Case III 
is being used, the azimuth correction device on gun boards being 
set normal (15), unless a correction is to be made; 

(5) Read azimuth of predicted point when Case HI is being 
used, using diagonal scale for guns, and for mortars when ,B. C. 
is at primary or secondary; 

(6) Set tally dials normal when gun arm is on point, and read 
angular travel when the gun arm is brought to next similar point, 
and again set dials at zero. 

A vernier is a device for reading smaUer divisions than are 
on the main scale. The smallest division read by a vernier is 
cailed its "least count," and is found by dividing the smallest 
division on the main scale by the number of divisions on the 
vernier. All the verniers on the plotting board, except those at 
the ends of the base line arms, read to 1 yard; the vemiera at 
the ends read to .01 di^ee. The position the vernier zero occupies 
rdative to the main scale determmes the reading, so it is wise to 
first approximate before attempting to read accurately. To read 
vernier: (1) Read tlie last division on the main scale just passed 
by the vernier zero, and (2) then add one for every line on the 
vernier up to that line which is directly opposite a line on the main 
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scale. For example, suppose the vernier aero of secondary station 
block has passed two divisions beyond 2,000 and the seventh line on 
vernier is directly opposite a line on baae line arm; to find the 
aetting,(which b obviously between 2,050 and 2,075), read 2,000 + 
50 + 7 yards. Again, suppose the vernier zero at end of base 
line arm has passed .70 and the eighth line of vernier is oppMite a 
line on base bne azimuth scale; to &nd the setting (which is ob- 
viously between 70 and 80), read 70 + 8 = .78 degree. 

53. The Fire Commander's Plotting Board differs from other 
(dotting boards in that it has a movable gun arm center, which is 
operate by a pantograph attachment, A templet is constructed 
(60 yards — 1 inch) with holes to represent to this scale the stations 
of the batt«riea of the Rre commanil With the stylus plugged in a 
station hole, the gun arm brought to any point reads the range and 
atimuui of that point from the station plugged in. The assembling, 
adjustments, and orientation are similar to tbose of other boards. 
The gun arm azimuth circle is oriented by plugging in the stylus 
at F', bringing the gun arm over the primary arm, and setting the 
circle to read azimuth of index box. With this board a point can 
be plotted by any< battery and its range and azimuth determined 
for any other battery, as required in the firing of trial shots, 

54. 360° Mortal Plotting Board: This board is in general 
similar to the other boards, with the following diHerencea: the 
board is a complete circle; the station farthest from the directing 
point of the battery is usually located at the center of the board; 
Mveral base lines may be used; the gun arm is provided with a 
sliding range scale, by means of which flat range corrections may 
be made from the normal position of 2,000, and is attached to an 
auxiliary arm centered at the center of the board, from which 
aiiffluths are read (actual and corrected) at the outer circumference 
of the board, there being drift and arbitrary correction scales 

The board is in general set up, oriented, adjusted, and tested 
for accuracy like other boards. 

To Use the Boaro: The base Une arm ia rotated until the . 
indices at the ends are opposite reference lines indicating the base 
line to be used; the movable arm bracket (station block) is set for 
tbe lei^h of the base line, and the gun arm center located with 
reference to this base line; proper couplers for gun and primary 
ume are attached; plotting is done as on other boards. In shifting 
ta another base line, the same operations of orienting and adjusting 
the base line and directing point are repeated. 

Ncni. — A llO-dacree idottiae board, permitting tbe quioli ■hUtinc [rom 
oQe bAoe liqs to anothar, ifl belns conatruflted for luue. 

AscHla of 500 yards is now beiog used an boaida for muor armanwnti if all 

SiduHtiona tiave not beta ch&niieil, v 
Ihir 
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PLOTTING ROOM DUTIES. 
Guns (CAHEa I and II). 

65. Noa. 2 and 3 set arms at aaimuths received from observ- 
ing Btations, lock index boxea, call "Set," and move arms back 
when directed. 

The plotter with targ locates plotted point at interHection of 
armB (or at range called out when vertical base is used). When 
the plotter has three plotted points, he places prediction scale 
along course, the zero on last plottod point, calls travel- over ob- 
eervmg interval (30 secouds), and locates set-forward point at 
travel during the predicting interval plus time of flight, which is 
called by operator of sel^torward ruler (or the predictor may be 
used); the gun arm is then brought to the targ, placed on the 
act-forward point, and the plotter reads the range to targ. 

No. 1 operates tally dials and calls angular travel, first between 
two successive plotted points and thereafter between two succes- 
aive set-forward points; he also operates wind component indicat- 
or, keeping arm set to within 2'/^'' of azimuth of ECt-forward point. 

No. 4 sets ruler of range board to the actual range called out 
by plotter, applies the corrections, and telephones the corrected 
ranee to the guns; he also repeats to the guns the deflection called 
out by No. 5; he alao checka up the atmosphere reference number 
by applving the barometer and thermometer readings to atmosphere 
aude rule. 

No. S, usin|; last corrected ran^, determines the deflection 
from the deflection board and calls it to No. 4. Angular travel 
may be obtained from the tally dials, or from a alide rule con- 
Btnicted to ^ve proper reference numbers corresponding to two 
successive azimuths of the target, obtained from an observing 
station near battery, or from the giin arm; more accurate results 
are obtained by using a mean travel over several intervals. 

No. 6 operates the transmission device, if one is installed, or 
the time-range chart, if used. 

Guns (Case III). 

The operations are as explained, except that a predicting in~ 
t«rval of W seconds is used; the plotter reading the travel over 



e azimuth of the aet-forwwd point to No. 4, and 
operates the wind component indicator. 

No. 2 also calls the azimuth of the predicted point to the 
B. C. station. 

No. 4 operates the range board, and calls range and azimuth 
to guns. 

No. S determines azimuth correction (instead of deflection) and 
seta it on the gun arm azimuth correction device. 
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Mortars, 

56. Nos. 2 and 3 set anns at azimuths received from observ- 
ing stations, lock index boxes, call "Set," and move anns back 
wEiea directed. 

Fredictiona are made, generally, every minute, and, if the 
directing point is a pit, they ore for alternate pits; in this case, 
the da^ for the non-directing pit has to be corrected for pit 
difference b^ore being transmitted. 

The plotter locates plotted point at intersection of arms (or 
at range ^Jled, when vertical base is used). When the plotter has 
three plotted pointa, he estimates the location of the set-forward 
point by running up mortar arm, and calls out from xone slide the 
■one numbsT and the time of flight: on the next plotted point he 
places the aero of the prediction scale, calls travel over 60 secondsj 
and plots the predicted point 60 seconds ahead, and the set-forward 
point at travel called by operator of set-forward ruler (or the 

iiredictor may be used); he brings the mortar arm to the set- 
orward point and calls elevation to No. 4, after which No. I calls 
aiimut^ to No. 4^ the proper arm is then brouglit to the targ 
placed on the predicted point, and the aainiuth called to the B, C. 
station by Nos. I or 2. The aone, elevation, and set-forward 
azimuth are also sent to the B. 0. station. 

No. 4 calls to the pita "A Pit" (or "B") and repeats the aone 
number and elevation; he also operates the deflection board and 
sends the corrected azimuth to the |)ils. 

In batteries which use an elevation or range board, the operator 
wears the head set to the booth. In this system the aone scale is 
removed from the mortar arm, the plotter reading the range to 
the set-forward point. The elevation board operator sets the pointer 
to the rai^e 'of the set - forward point, and reads the aone and 
elevation. 

The azimuth keeper (in B. C. station) operates the time-aaimuth 
board or blackboard, and calls ERROR if any occur.* 
Vertical Base, Cons and Moutars. 

The operations for vertical base, gun or mortar, are the same, ex- 
G^t that the ran^ oflicer switches both arm sett^ across the line 
to observing station selected; the arm setter bridged in calls the 
range as soon as the regular arm setter has set the aaimuth and 
called "Set." 

POSITION FINDING (TELESCOPIC) INSTRUMENTS. 

67. Case: These instruments must not be subjected to jars 



•Nars.-^Al] data usad in tbe pitamuBt be checked ii 



eived from plotting tdoih, befoic the cDmmaiLd for firJiiE la BiTen. 



■fhish aommuid requim a new pndictiau. 
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or other rough usage, must not be taken apart, and must be pro- 
tected from dust and moisture. The lenses should be cleaned only 
with soft, clean paper or cloth. Clock oil only is used on bearings. 
To guard against injury and the wear which might cause inaccuracy, 
tlie metal parts of these inatritments are kept clean, but ore not 
polished. 

Dbpression Position Finders measure vertical angles of de' 
presaion and indicate raises corresponding to the ai^es measured ; 
they also measure aiimu^s. 

To Focns: A telescope is focused as follows; 

(1) Focus the eye piece until every roughness of cross wires 

(2) Focus objective until parallax is removed and the object 
clearly seen: parallax is removed when the object does not move 
off wire as the eye ia moved across eyepiece. 

It is nijt always easy to detenninc when tlie eyepiece is properly 
focused, and as a result, when the parallax is removed, the object 
appears indistinct. In such cases an adjustment (by trial) is neces- 
sary, as follows; With eyepiece screwed home, focus objective 
and test for pandlax, then unscrew the eye piece about one-eighth 
turn and -refocus objective, continuing until the object, when well 
defined, is without paraUax. The eyepiece adjustment is a per- 
sonal adjustment independent of range, while the objective adjust- 
ment depends on the range. 

To Level Instkumbnts Which Have Four Lbveuno Screws : , 

(1) Set one of the levels over two (diametrically) opposite 
leveliiis screws; 

(2) Turn the opposite screws in opposite directions until the 
bubbles of both levels (the bubble tollowa the direction of left 
thumb) are in the middle, being careful to maintain a firm bearing 
of the screws on the plate, but not to force them; 

(3) Traverse instrument 180°; 

(4) If bubbles can not be made to remain in same position 
when instrument is traversed, it is because the levels are out of 
adjustment, in which case the instrument ia brought to level, one- 
half by the leveling screws and the other half by the adjusting 

Instruments which have only tltfee leveiii« screws (Lewia) are 
leveled over two leveling screws (traversed 90 it only one level is 
on the instrument) and leveled with the third screw; then traversed 
180° to verify level. In order that all three acrews have a firm 
bearing without jamming, it is frequently found that when levying 
with the third screw it may be necessary to screw both ot the other 
screws in or out. 

To UaB TUB Instrument: Follow the target in asiniutb with 
the horizontal wire just below the water line and the vertical wire 
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1 the last 
i. When 

iLsinc vertical base, the target should, in addition, be water lined at 
Ihe first stroke of the bell by biaecting the bow wove, or stem, 
and the range read after the azimuth. When the last direction 
of motion in a^muth is not the same as that used when orientuiB, 
Uw badi-taah should be removed by reversing the azimuth hand- 
wheel before the aaimuth is read. The adjustments should be 
checked frequently. No part of the head or body at any time 
should rest a^inst the inatrument. 

Datum Foihts: The azimuth and ran)^ to different datum 
points are determined from a survey and are recorded in the em- 
placement book and artillery engineer's office; where no fixed datum 
poiDts are est^lished, buoys can be used. Data for orientation 
^ould be posted in each station. 

Obsbbver'b Test: Two instruments set up side by side and 
observations taken on moving target at regular intervalsj and the 
readily compared; for a D. P. F. the ranges, in addition, are 
compared with those obtained from the horizontal base. The er- 
rors should not exceed, for azimuth ± .02°; and for ranee Vi per 
cent of the range within 12,000 yards for distances equafto 1,000 
yards tor every 10 feet height of mstrument above water, 
Lewis D. P. F., Type A, Model 1898. 
(Used for Azimuths only.) 

58. Adjustments: 

(1) Focus tdescope; 

(2) Orient by setting instrument to read azimuth of datum 
point, loosen set-screw in column, torn the table until vertical wire 
IS on datum point, and clamp set-screw; 

(3) Level; 

(4) It may be necessary to orient and relevel. 

Lewis D. P. F., Model 1907. 

69. Adjustments; 

0) Focus telescope; 

(2) Orient by clamping table to read azimuth o( datum point. 
loosen screws in pedestal cap and turn body of instrument until 
the vertical wire la on datum point, and tighten screws (asimuth 
mechanism shipped out of mesh can be adjusted by four screws 
on top of table); 

m Level; 

(4) It may be necessary to orient and relevel; 

NoTE.^The T, I, avBtem ehould bn cul out trequsntJy at drill uid b gtop 
■Uch used, the BigDnlHSEADT, TAEI, beine cBtJed'thraiigli lelepboDes &1 rirop- 
«r intervolg to (he obmT\en by a telephone operator at the B. C. BlatiCD. Lu|« 
vron in uimuth 'may be detected in the pit by cLalkini acn>» racer and floor 
Plata and noUaa that diglAOoe* between auBoeaaive iioea ore appniimately equal. 
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(5) Adjust for ranga. 

The adjustment for range is as follows; 

(1) Set the height scale to correspond to height above low 
water minus present height of tide; 

(2) Set instrument to range of long-range datum point, direct 
telescope on datum point, loosen the clamp screw of compensating 
screw, water line with the latter, and clamp; 

(3) Set instrument to range of short-range datum point, and, 
if it is not water lined wljen directed on datum point, change 
settii^ of height scale until it is water lined; 

(4) Repeat operations (2) and (3), water lining at long range 
with compensating screw, and at short range with hmght scale, 
until the instrument read^ correct ranges at both datum points; 

(5) Should the error of inlstrument be greater than £ine-half 
of the danger space when directed to a mid-range datum point, 
the adjustment should be changed ao as to distribute the error 
UDOng the three datum points^ this is accomplished by substi- 
tuting the mid-range datum pomt for one of the others, and the 
adj'uatment repeated. 

Azimuths are read by means of two dials and a. stationary 
acale as follows: (1) On the fixed dial read the lesser of the two 
numbers between wluch the pointer comesj (2) thsn read the num- 
ber on the movable dial which is opposite the hundredth scale; 
(3) then call "Point" and read the hundredth graduation opposite 
the movable dial number. To illustrate, suppose the pointer is 
between 4 and 5, and 2 of the movable dial opposite 31: the 
uimuth would then be read four two point three one. 
SWABBY D. P. F. 

BO. Adjustment: 

(1) Focus telescope; 

(2) Orient by setting instrument to read asimuth of datum 
point, loosen aximuth plate bolts if necessary, and turn instrument 
on bMe until the vertical wire is on datum point, and ti^t«n bolts; 

(3) Level; 

(4) It may be necessary to orient and relevel; 

(5) Adjust for range. 

The adjustment for range is as follows; 

(1) Set the height scale to correspond to height above low 
ater minus present height of tide; 

(2) Bring telescope to horizontal, using the striding level, and 
set range drum to re:id telescope level, loosening the screws if 
neoflsary; 

(3) Set instrument to range of long-ri 
telescope on datum point, and water line w 

^4} Set instrument to range of short-range datum point, and, 
il it IS not water lined when directed on datum point, change the 
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bught slide (the reading remaining the same) until it is yiatet lined ; 
(5) Repeat operationa (3) and (4), water lining at long range 
Itth micrometer screw, and at short range with height slide, until 
Ssistrument Teads corret^t ranges at botli datum points; 
S; \fi) Should the error of instrument be Kreater than one-half 
IK we danger space when directed to a mid-range datum point, 
SB adjuatment should be changed so as to distribute the error 
^Mng the three datum points^ this is accomplished by substi- 
fiihtg the mid-range datum pomt for one of the others, and the 
tf^nstment repeated. 

Warner & Swasby Azimuth Insthumbnt. 

61 . To set up and orient instrument : 

(1) Remove the instrument from its case, grasping by the 
table (not by telescope), and screw on pier mount, or tripcw; 

(2) Set instrument to read aaimuth of datum point, making 
sure the slow-motion screw is about the middle of its play; 

(3) Focus telescope; 

(4) Set tripod so that plumb bob is over home station, the 
telescope pointmg in the general direction of datum point Ion a 
pier mount the base should be adjusted in azimuth so that the 
mstrument will have the correct general direction when screwed 
thereto) ; 

(5) Level; 

(A) Bring vertical wire on datum point with the slow-motion 
screw and clamp. 

There is no material difTeronce in the two models of azimuth 
instruments. The 1910 model has additional slow-motion devices, 
and in mounting its telescope is not attached until the base of the 
instrument has been set up.* 

COINCIDENCE RANGE FINDERS. 

62. These are self-contained range finders, having a boriaontal 
base line of several yards length. A prism at each end of this base- 
line reflects partial im^ee on the eyepiece prisms; the right prism 
the upper half of the image; the lefl: prism the lower half. One 
of these partial images passes througli a deflecting prism, which 
can be moved so as to bring the partial images in coincidence; 
the instrument actually measures the angle subtended by the base- 
line at the target, but is graduated on the scale attached to the 
d^ecting prism, in range. 

Adjubtuents: 

(1) Revolve the seat to accommodate observer, and focus the 
ey^iece; ■ 

(2) Orient by directing to datum point, and, with friction ring, 
clamping azimuth HiaV to azimuth of datiun point; 

*NliT>. — Buk-lash or lost motion cbd b« eUminiLled by the iraTin box ad- 

*iinii Hliuninc Htew. 
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(3) Halving adjuBtment. Move the instrument in eleration 
until ijie image is seen only in lower field; then gradually dter 
tho elevation till the image rises above the separating hne. Halv- 
ing is correct if the top of object appears above the separating line 
the instant it appears from the lower field; 

(4) Coincidence adjustment. This is the adjustment for ran^. 
Bring the partial images in coincidence; disengage the deflecting 
prism gear by moving the coincidence adiusting shder to the left; 
next, with deflecting head, set scale to read tho correct range; then 
move slider to right to ro-engage. 

A coincidence (infinity) adjustment can also be made by ob- 
serving on the moon or a star, the infinity mark on the scale being 
set opposite the pointer after the images are in coincidence. The 
Bstigmatizer is used in this adjustment, or the instrument may be 
jarred to make the star appear as a Rtmkk, 

Operation: With the elevating and traversing mechanisms 

bring the target in the fields, first using the finder uid sighting 

over it; then operate the deflecting head so at to bring the partial 

images in coincidence, and read range (and azimuth if cailM for). 

POSITION FINDING SYSTEMS, 

63. The following systems of range finding are in use: 

(1) Horizontal base system, which has an azimuth reading in- 
strument at each end of aoase line; when a battery has more than 
one horiaontal base, the others are designated "B' Auxiliaiy Base" 
(or "B"" or "B"' Auxiliary Base"), The auxiliary horizontal 
base may be formed with the B, C, or with independent stations; 
in the former case a diagonal scale on the plotting board may 
be used, 

(3) Vertical base system, which requires a D. P. F. in one or 
more stations. 

(3) Coincidence system, which requires a coincidence range 
finder; if this range finder does not indicate azimuths, a separate 
azimuth instrument is required, 

(4) Emergency system, which may consist of either of the 
, sysl^nns specified m [2) or (3), or such other system as may be 

improvised by the battery commander. This ^stem would be 
used when the other systems went out of action. The usual method 
of plotting and predicting, etc,, would be followed it practicable. 
Wh(^ all communications fail, the improvised system contemplates 
the use of ranges (or elevations and azimutlra) obtained direct front 
the instrument, without recourse to the plotting room, the neces- 
sary corrections for range and azimuth being detcnnined either 
from improvised devices or from observation of fire, 

W. Salvo points are imaginary points, the aiimutb and rai^e 
to which are known from batteries, fire and fort command stations; 
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channel pointa arc similar points in the channel only. The^ could 
be uaed to direct the fire of batteriea when the target waa onsciired 
from the batteries and stations, and may or may not be obacuved 
from the Y. C. station. The approach of a hostile ship would be 
determined by tracking with F. C. stations if practicable, otherwise 
by aigoal from another station or boat. The salvo point number 
woula be sent to the battery in time to have it corrected in the 
plotting room for range and auimuth, and the command for firing 
would be given by the fire commander. 

PREDICTION SCALE. 

65. A scale to measure travel and to locate predicted and 
8et-forward points. 

Operation; 

(1) Place scale along probable course of target as determined 
from last plotted points, with zero at last plotted point; 

(2) Call travel from plotted point just preceding (second plot- 
ted point when, in Case III, an observing interval of 30 seconds 
is used); 

(3) Locate set-forward point at travel, determined from set- 
forward ruler. In Case HI the predicted point is also located (on 
opposite aide of aero) at travel during one minute. 

PEEDICTER. 

66. A device which may be substituted for the prediction 
scale and set-forward ruler, to determine the predicted and set- 
forward poinlfl. 

Operation: 

(1) Place the second leg on last plotted point and first leg on 
plotted point just preceding (second plotted point preceding when, 
in Case III, an observing interval of '60 seconds is used); 

(2) Locate set-forward point at leg corresponding to time of 
flight; 

(3) Locate predicted point at third leg when using Case III. 

UANGE BOAED (PRATT). 

67. A device for determining the range corrections due to 
the abnormal state of tide, wind, atmosphere, and muzzle velocity, 
and adding them to the actual range in order to determine the 
corrected range for use at the guns. Charts are constructed for 
different heights of site. A chart for subcaliber work is also fur- 
nished, and IS usually fastened on the opposite side of the board. 

Each of the four pointers of the ruler has three positions: M , 
S, and L (movable, stopped, and locked); at M it is locked to 
the movable bar, and moves with itf at S it is locked to the fixed 
bar, and does not move; at L it ia locked to both fixed and movable 
bars, thus locking the system and preventing any movement. 
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Adjustments: 

(1) Vertical adjustment: Adjust the ruler, using the chain- 
adjusting screw, HO that the fixod indices at each end indicate the 
same range. 

(2) Horiaontal adjustment: Clamp atmoaphere pointer to 
movable bar by turning to "M" and move latter until the iwinter 
is on the normal, then clamp pointer to fixed bar by turning to 
"S"; repeat operation for other curves. With all four pointers 
on the normals and clamped to fixed bar, turn knob until movable 
index indicates the same range on both scales, and lock the ^tem 
by turning the last pointer to "L." The ruler is now ready for 
operation. 

Operation : 

fl) Set each marker on ite proper curve; 
2} Set (fixed indices of) rulra to actual rtmge of set-forward 
point, and clamp; 

(3) Set movable index on fixed scale to actual range of set- 
forward point; 

(4) Unlock system and clamp atmosphere pointer to movable 
bar and move the latter, using knob until the pointer is on its 
proper curve; then clamp pointer to fixed bar: 

(5) Repeat operation for other curves, locking the system with 
the last pointer used. The movable index now indicat«a, on the 
movable {i. e,, upper) scale, the corrected range; 

(6) As the sel^orward range changes, the ruler is moved up 
or down to correspond; the movable index on fixed scale ia set 
to new range; and each pointer in turn looked to the movable bar 
and the latter then moved until the pointer is brought back to its 
proper curve, then locked to the fixed bar — the corrected range 
showing on the movable bar under the index (opposite the actual 
range). 

Caittion: The operator must be certain that ono pointer, and 
only one, is locked to the movable bar when the latter ia moved. 

Test for Mbchanical Accuract: Solve the problem several 
times, using the test points on the chart, the corrected range being 
indicated in brackets; the mean difference from the bracketed 
range ia the error. 

Test of Opbrator: The direct method is to use the teat 
points with movable index covered from view. The reverse method 
is: After a scries of corrected ranges have been determined, clamp 
each pointer in turn to the movable bar and work them back to 
the normals, using the knob: the difference botweeD the readings 
of the fixed and movable scales (in exeeas of the mechanical error) 
will be the error of the operator. 

To Determine Momle Velocity: Set ruler to range of cen- 
ter of impact of splashes. Clamp velocity pointer to movable bar 
and move to velocity used for trial shots and lock pointw to fixed 
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bar; than set movable index on both fixed and movable raDge 

scales to center of impact of aplaahes; clamp velocity pointer to 
movable bar and shift the latter until ita range scale indicates tbe 
range to target; the velocity pointer will then indicate velocity 
developed. 

Xn record practice, a tide curve equal to the height of tide 
plus a danger-space correction is usod as the tide curve. 

Paoblems (Using range board test points, 40-foot aite): Act- 
ual range 5,000; atmosphere 32; muzzle velocity 2,150; tide —10: 
wind 100; answer, the corrected range for 10-inch gun, 604-pound 
projectile, would be 5,175 yards. If the range to center of impact 
of sploshes were 6,200 (i. e., +200 yards beyond tai^t), the proper 
muzzle velocity for record practice would be 3,200 f . s. 
RANGE BOARD (GUNS), MODEL 1909. 

B8. Tliis board can be used in lieu of the Pratt range board . 

Operation; Set the correction index to the number at the 
top of the board which corresponds nearest to the required range, 
then turn the several rollers until the correct reference numbers 
for atmosphere, wind, tide, velocity, and travel appear at the 
extreme left end of the rollers. 

Turn the range correction roller until the scale oorreaponding 
to the range nearest the required range appears through the window 
in the lower cover. 

Set the slides, marked atmosphere, tide, wind, velocity, and 
travel, to the corresponding percentage corrections that are read 
through the openings in the correction index. 

The corrected range is then obtained by applying the range 
correction to the actual range (or from the corrected rai^ scale, 
if one baa been applied). 

MOKTAll RANGE BOARD, MODEL 19X4. 

69. Tliis can be used iu lieu of the elevation board. The slide 
is set to the range of set-forward point, and the elevation read off 
for use in the pita, and also for determining the corrected aamuth 
for the pits. 

To test for accuracy, set the range correction factor "A" at 
the range "A"; the corresponding calculated elevation and time 
of flight are then indicated by the engraved reference line "A." 
Proc^ similarly for other test settings. 

SET-FORWARD RULER. 

70, A device by means of which the travel of target during 
the predicting interval, plus the time of flight, can be found when 
the travel during one or two observing intervals is known, thus 
enabling one to plot the set-forward pomt. Set-forward rulers are 
constructed for various intervals, and the- slide may be graduated 
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either in seconds of time of flight or in rangee, a separate slide being 
furnished for subcaliber projectiles. The ruler should be checked 
by comparii^ results obtained with calculated reaults. 
Operation: 

(1) Set the arrow to travel called out by plotter; and 

(2) Call out trav^ opposite corrected range or opposite tioie 
of fliglit corresponding to the corrected range; the time of flight 
to be obtained from a range table. 

TELEPHONE. 

71 . A telephone is an instrument for reproducing the voice 
through a wire. 

TeEonY: The act of speaking produces sound waves which 
fall against the diaphragm oF the transmitter, causing it to vibrate; 
these vibrations induce alternating-current electricity which eauaee 
the diaphragms in the receiver to vibrate Eimilarly, thus reproducing 
the sound. 

There are two classes of telephone sets: 

(1) Auxiliary sets, consisting of the tcle))hone proper (exclud- 
ing the tranHnitter and receiver), such as wall act, plotter's set, 
battery commauder's set, gun set, and portable set; 

(2) Talking and bearing sets, such as head set, hand set, 
(leak est. 

The transmitter causes alternating-current electricity to be in- 
duced in the talking circuit when the diaphragm is vibrated by 
the voice. 

The receiver reproduces the sound by the vibrating of its 
diaphragm through the action of the alternating current in the 
Iwariiw circuit. 

The magneto (generator) generates alternating current which 
linfp the belj^. 

Tlie condenser does not allow the passage of direct current, 
■uid thus prevents the battery from rumung down; and also makes 
the sound more distinct. 

The retardation coils do not allow the free passage of alternating 
current, and thus prevent: 

(1) Cross-talk among the 'phones comiected to same battery; 

(^ Bell - ringing current from short - circuiting through the 
battery. 

The induction coil, consisting of three separate coils wound 
one over the other (called primary, secondary, tertiary coils), in- 
duces an alternating current in the hearing circuit in unison with 
Uie alternating current of the talking circuit. 

The hook switch, when u)), completes the talking and hearing 
drcuits; when down, it breaks tlieae circuits, thus preventing the 
. ^tt«ry from running down, and also allows the bells to ring. 

Iliere are three circuits in a telephone: primary, or talking; 
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secondary, or hearins; and the rin^g. {In the modem metal 
case 'phones the local batten^ circuit is omitted, .leaving two wind- - 
inga at the induction coil — the primary tor talking, and the secondary 
tor hearing.) 

The talking circuit is energized with direct current either from 
a local battery (usually dry cells) in the 'phone, or from a common 
batteiy (usually storage cefls) in a central plant. 

Tlie talking circuit comprises transmitter, primary or eecond- 
ary winding of the induction coil (depending on whether the dry 
cells or storage battery is used), battery', retardation coils, and 
hook switch, all of Home 'phone only. 

The hearing circuit comprises the secondary and tertiary wind- 
ii^ of induction coils, receivers, transmitters, condensers, and hooks 
switches, of both 'phonee. ■ 

The ringing cu'cuit comprises generator, bells, and condenser. 



co/iP02/i£ ARmifRr mepWNf 




COMPOSITE ARTILLBBY TELEPHONE. 



S T P (Secondary, Tertiary, Primary) — Windings of Induction 
Coil. m^Magneto. MF — Condenser, g — Bells, t — Transmitter. 

r— Receivers, b— Dry Cells. 

KoTB.— The student, will mora readily memoriis th« Birouita H t» wlU 



Fire Control Apparatus. 69 

Talking circuit; +bat., bua bar, retardation coil, + line, 

-j- binding post, e, j, 1, t, x, n, contact 2, S, 
— line, retardation cod, bus bar, — bat. 
Hearing circuit: 

fjlt \ 
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Ringing ci 
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Selection of Opeirator3: Letters and words of similar sounds 
should be tried out on a 'phone in good order, and then on one in 
poor order; operators should speak slowly and distinctly, and those 
who raise their voices when excited not selected; operators should 
have a sufficient knowledge of the 'phone to detect minor troubles, 
such as poor contacts. 

Use of Telephones. 

To oowi station: 

(1) Put on head set and stee that all connections are tight; 

(2) Set switch to proper battery; 

(3) Raise and lower hook, which should cause a click; 

(4) To signal distant station, hold down hook and turn gen- 
erator crank briskly; 

(5) CaU name of distant station, as "B PRIME" or "BC," etc. 
To close station: 

CaU "CLOSE STATION," hang receiver or weight on hook 
switch, wipe off receiver and transmitter, and turn battery swit'^ 
to common battery. 

Sending messages: 

(1) In speaking into a transinitter, hold the mouth one or two 
mchea away and do not let the breath strike the diaphragm; 

(2) Speak slowly and distinctly and do not raise the voice; 

(3) Send numerals singly, thus 4370 is sent: four, three, seven, 
lero; an azimuth 200,30 is sent: two, zero, six, point, three, zero; 
200 is sent two hundred; 3000 is sent three thousand; 6500 is 
sent aity-five hundred; 

(4) If required to repeat, use more distinctness; a figure may 
be better understood by counting up to it, as one, two, three, etc, 

(5) Listen to receiver repeat your message, and send again 
the part misunderatood, and call "O K" when correctly repeated. 

Receiving messages: ' 
' (1) Do not say HELLO; when your station is called, reply, 
"B'(etc.)"; 

(2) Keep mind on messaee and receiver close to ear; 

(3) Do not interrupt sender unless necessary; 

(4) Repeat all messages received; when a part of the 
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ia miaunderstood, call "REPEAT" until understood. A long mes- 
sage may be sent and repeated in sections. 

Tests of the Telephone. 

The "operator's test" consists of the various steps outlined 

under the "Principal troubles," which are enumerated aa follows, 

the general scheme being to narrow down the field of trouble by 

disconnecting from the line and observe if this eliminates the trouble: 

(1) No power. With the switch on "Common" this trouble 
ia indicated oy no tap' of bell nor click in receiver when hook ia 
raised and lowered, and by receiving no shook upon touching both 
line terminals with moistened fingers; due to short or open circuit 
on line — switches may not all be thrown, so observe other 'phones 
in same station, 

(2) Broken cords and poor hook or tray switch contacts. These 
interfering with the circuits cause irregular action. Observe that 
contacts are not corroded and function properly; manipulate head 
set and bend cord — if a click is heard, broken cord or contact ia 
indicated. 

(3) Transmitter. A scratching in transmitter, if heard in re- 
ceiver, indicates the local talking and hearing circuit in order. 
TVoublea in transmitter are usually due to carbon grains heating 
and packing when they have been m use an hour or morej to pre- 
vent this, telephone service should be interrupted frequently, and 
the hook switch kept down as much as possible. 

(4) Magneto. Easy turning of magneto with failure to ring 
bell indicate either poor contact between shaft and spring, or an 
interference in the bell striker or armature. If magneto turns hard 
and bell fails to ring, short circuit on line or in 'phone is indicated; 
if trouble disapjiears when line wires are disconnected, the short 
circuit is in the line. 

(5) Pierced condenser. This causes poor transmission of 
speech; magneto turns hard and irregular, failing to ring bell in 
distant station. 

Care of the Telephone. 

The talking set should be hung up at close of drill, hook springs 
in place and cords free from twists; nickel work free from rust; 
transmitter shells not opened by operator; battery aw itch to 
"Common"; and report made of unremedied defects. 
WIND COMPONENT INDICATOR. 

72. A device for determining the wind reference numbers 
(range and deflection components) to be used respectively on the 
range and gun deflection boards. 

Operation: 

(1) Set the sliding pointer of the target arm to indicate thft 
wind velocity in miles per hour; 
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(2) Rotate the azimuth ring until the triangular pointer in- 
dicates the aBimuth of the wind; 

(3) Clamp the target arm pointer to the a:^imuth of target or 
set-forward point; the point of the target pointer will then in<bcat«, 
on dial, the wind reference numbers. 

Pboblem (using device): Azimuth of wind, 97; aaimuth of 
target, 280; velocity of wind, 50 M. P. H,; answer, range com- 
poneat, 100, and deflection component, 52. 
WIND VANE. 

73. A device to indicate the azimuth of the wind, the zero 
being set to indicate a wind blowing from the south. ChaJk marks 
shomd be made to indicate the «wing of the vane, so that the mean 
direction can be determined. The a7imuth is recorded every twenty 
minutes, or oftener if necessary. 

THERMOMETER. 

74. The thermometer registers, in degrees Fahrenheit, the 
temperature of the air. It should be hmig outside, in the shade, 
away from the heated walls, and exposed to a free circulation of air. 

TIDE INDICAI-OR. 

75. A device 'Consisting of a Itoat and pointer to indicate the 
height of tide, in feet, above low water. The zero {i. e., low water) 
is located by engineers. The low-water datum plane used on the 
Pacific is called "mean lower low water," and represents the mean 
of the lower (of two) tides each day taken for one year; on the 
Atlantic, both low tides for a year are considered, the term "mean 
low water" being used. 

TIME-INTERVAL SYSTEM. 

7B. Time-interval bells are located in all observing stations 
and emplacements and are operated by direct current from the 
switchboard room. The switch panel is set to break the circuits 
at the intervals desired (usually 28, 29, 30, 58, 59, 60 seconds, and 
sometimes also 10, 20, 40, 50 seconds). The intervals are estab- 
lished by the time-interval apparatus, which includes a driving 
motor fed by curvent from the switchboard. This apparatus is 
adjusted only by experts and is oiled with clock oil. 
TIME-RANGE BOARD. 

77. On this board, on which is plotted the corrected ranges 
to setr-forward points determined every 30 seconds, is drawn a 
curve which shows graphically to the pfersonnel at the batteiy hoir 
the target is being plotted. 
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, decrease, and vice vena) and fills out figurea on T square; the next 
rtutge ia similarly plotted on next (30 seconds) time line; a full 
line is then drawn through these points and dotted to next 30 
seconds line. This plotting continues (the dotted line being erased 
art«r the new lange is indicated) across the board and started 
again on first time line, the necessary changes on the T square 
being made. 

Should a range varj; from expected range, as shown by inter- 
section of dotted line with 30 seconds line, as much as 50 yards, 
it will be indicated by a small circle and not used unless the signal 
"Targetturnin^" is heard from gun pointer or plotting room. When 
no such signal is heard, the dotted line will be filled in and dotted 
to the next 30 seconds line. 

The pointer on the T square is made of varying lengths, usually 
ten or twenty seconds, according to time required to point and 
fire piece. When the T square is used, the assistant range recorder 
moves it over the board; passing a heavy time line every 30 seconds 
(last stroke of bell) and keeping pointer on curve: the gun is laid 
for the rangf indicated by the pointer and should be fired (Cases f 
and 11) within a few seconds of t,he intended Bring instant. On 
boards wliich have a correction device For gun differences, the 
assistant keeps the device set according to direction of gun. When 
the board is used without the T square, the range to be used is 
taken off curve, the pointing interval ahead, and chalked in figures 
on the board. 

In Case 111, in addition to the operations described, J^he 
ranges are set down on the proper time line in figures, and the gun 
is fired on the last stroke of the bell. 

Whenever a range is taken from the time-range board, a ver- 
tical mark is made on curve at the pointer; and when the gun 
is fired, a vertical mark is made at the time and above the curve. 
In plotting a course across the board, the curves should be begun 
at dilierent points and not erased, so that a verification can after- 
wards be made. 

When the command TRIP is heard, the range recorder calls 
out and chalks the proper range; the gun commander observes 
that tlie gun goes fully into battery, verifies the range setting, and 
calls READY m time for the gun to be fired at the firing instant. 
In barbette carriages some other starting instant is selected, and 
the gun commander does not verify the range, 

A time-r&nge curve in the platting room may be substituted 
tor the time-range board. Set-forward ranges allowing for the 
pointing interval may be sent uji every 5 or lU seconds, chalked on 
the blackl<"»rd. and used in laymg the gun. 



CHAPTER VI. 
DRILLS AND mSPECTIOHS. 
FORMATIONS FOR DRILL. 

7S> Formation; The first aergeant takes post six paces in 
front of where the center of the company is to rest, ana, facing 
that point, commands, FALL m. Each chief of section takes 
post three paces in front of where the center of his section is to 
reat, and, facing section, superintends its formation. 

Each range section consists of B. C, B' and B" observing 
detachments, and a plotting detachment. Each gun section con- 
sists of a gun detachment, an ammunition detachment, and a 
reserve detachment. The gun commander is chief of the gun sec- 
tion and of the gun detachment. Each pit section is composed of 
four mortar detachments, on ammunition detachment, and a reserve 
detachment. Gun and mortar detachments are composed of various 
details, such as breech, rammer, etc. The ammunition detachment 
is composed of various details for the serving of powder, projectiles, 
hoist, etc. The reserve detachment is composed of two details, one 
each for the gun and ammunition detachments. 

Each section assembles in two ranks, with 4 inches between 
files and 40 inches between ranks. Detachments and details form 
from right to left in the order prescribed for the drill. Chiefs of 
detachments take post on the right of their respective detachments 
and are not covered: chiefs of details take post on the right of 
their respective details and are covered by the lowest odd number 
of the detail. Mechanics take post on the left of their sections. 
Musicians form eight panes from the right of the right section (not 
considering the chief of section). 

The first sergeant then commands, CALL ROLLS. Each chief 
of section calls his roll, replaces missing numbers from the reserve 
detachments, faces about, and, at the command REPORT, sa- 
lutes and reports; "Range section present," "First section pros- 
eat," etc. (or names of unauthorized absentees), and takes post 
one pace to the right of the front rank of his section. 

"nie first sei^eant then commands, CALL OFF, and each sec- 
tion calls off in order from right to left, each man calling out his 
designation, as; Observer B', reader, gun commander, range setter, 
No. l.etc., eto. 

He then replaces missing numbers, faces about, salutes, and 
reports: "^— Company present" (or names of absentees), to the 
company commander, who has taken post six paces in rear of first 
sei^eant, and then takes post four paces to the right of the right 
section (not considering chief of section), 
75 
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When tha first aei^eant reports, the subalterns take post (range 
officer on right) six pacea in front of the center of the section they 
supervise at drill, facing the front. 

79. Inspection iin Ranks: At the command OPEN RANKS, 
MARCH, of the company commander, the rear rank and filo-closers 
move backward tour steps, halt, and both ranks execute "right 
dreas." Tlie company commander aligns the front rank from the 
right of first chief of section, then aligns the rear rank from the 
right, takes post six pacea in front of riglit chief of section, and, 
facing down the line, commands, FRONT. 

Having inspected the company officers, the company com- 
mander, accompanied by the ofRcers, inspects both ranks and flle- 
closers; the officers then resume their post, the company com- 
mander twelve pacea in front of the company, and commands, 
CLOSE RANKS, MARCH. 

When the company is to be inspected by another ofBccr, ita 
commander, after opemng ranks, from hia position on the right 
front, SE^utes the ins])ector and accompanies him. The company 
may stand at reat until the inspector approaches. 

80. To March the Company to the Battbrt: The com- 
mand RIGHT FACE is given by the company commander; the 
oflicer on the right takes post one pace to left of chief of right 
section, the officer on the left one pace to left of chief of left section ; 
all ranks face to right, the musician in rear takes post on right 
of other musician | ^e company commander faces to the left. 

The column is marched as prescribed in Infantnr Drill Regu- 
lations, except that the column extends to easy marching distance, 
and, in halting, closes up without command. The company com- 
mander marches in the most convenient position. 

To Post Sections: When the battery is approached, the 
battery commander commands, SECTIONS POSTS; at this com- 
mand each chief of section falls out of ranks, conducts his section 
to its emplacement or station, and commands, DETAILS POSTS, 
at which command all details fall out and procure equipment, and 
take their posts. 

The sections may be posted separately by the command, 

SECTION, POST. When the ranee section leaves the column, 
the range officer falls out and proceed to hie post. 

Reports (Verbal) When Manning the Various 
Commands roR Drill. 

81. Gun or pit commanderB, after their command, "EJxamine 
guti," require their various chiefs of detachments and details, in 
order, to report condition of materiel ("in order"*r defects). He 
then makes a general inspection of all materiel, especialh' the recoil 
and firing devices, and reports to the emplacement officer; "Sir, 
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No. 1 (or 2, or Pit A) in order," or defects which caa not be 
remodifti without delay. 

Observers inspect their apparatus and report to plotting room, 
aa: "B' (or B") in order," or defects. 

Plotters require the operators of the plotting room apparntus 
to report condition of materiel l^as; "Range board in order"). 
They tlicn luake a general inspection of station and report to the 
raiiKe oRicer, as: "Sir, plotting room and communications in order," 
or defects. 

Emplacement officer reports to battery commander: "Sir, Nob. 
1 and 3 (or Pit A and B) in order," or defects. Before drill or 
practice, he iaspecta all materiel at the emplacements, and teeta 
all firing circuits and safety devices. At close of drill, he reports 
to the B. C. 

Kanee officer (or in his absence the senior at plotting-room) 
receives reports of all details and observing stations, and reports 
to batterv commander: "Sir, stations in order" or defects which 
can not be remedied without delay. Before drill or practice, he 
inspects all equipment at hia station, and verifies all adjustments. 
On closing station, ho reports t« the B. C, bringing in such records 
M may he called for. 

Battery commander reports to fire commander, as: "Cranston 
in order," or defects wliich can not be remedied. 

Fire commander reports to fort commander, as; "Third fire 
command in order," or defects. 

Chiefs of details in fire and fort command stations report to 
communication officer: "Sir, station in order," or defecte. 

Communication officer reports to fire commander: "Sir, F' 
(or F") in order," or defects. 

Personnel officer reports to fort commander: "Station and 
communicatiooH in order," or defects. 

The matfriol officer receives the reports from the power (ind 
light unito and reports to the fort commander: "Power and light 
system in order," or defects. ^ 

Tide observer reports to fort commander: "Tide station in 
'order," or defects, and reports height of tide to all fire commanders. 

Meteorological observer reports to the fort commander: "Me- 
teorologicai station in order," or defects, and reports wind and 
abnWhere data to all fire commanders. 

To close drill, the command CLOSE STATION, pven by 
the senior in command, ia transmitted to all stations and batteries; 
battM7 commanders command, DISMISSED; range officer com- 
mands, CLOSE STATION; emplacement officer commands, RE- 
PLACE EQUIPMENTS; chiefs of sections command, FORM 
SECTION. The comoany is formed on battery parade as pre- 
scribed and marched, oy the battery commander, t« the 'company 
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Battery Dbill. 

82. Each member of the range section should be individuaUv 
trained and checked in his duties oefore team work is attempted; 
readers should be practiced in reading azttnuths, arm setters in Bet- 
ting asimutha, and telephone men in sending and reteivii^ mcBBages. 
Their work, as regards accuracy, can not be determined except 
tlirouKh tlie recording ot all data. In the training of new sections 
in annual encampments, necessary culunms should be ruled as indi- 
cated below, and a man assif^ned to record data used at all drills and 
target practice, DitTerences should be entered promptly. The 
columns of dilTerences indicate at a glance the at^curacy of the work; 
any abrupt ur imuniform change results from errors, which should 
be immediately investigated and corrected. 
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Azimuths of observed points can be recorded by readers and 
arm setters, it desired, though this is not necessary. Observed 

Eints should plot on a straight line or smooth curve and distances 
bween successive points should be approximately equal. When 
these conditions do not exist, lines should immediately be drawn 
through olnserved points with primary and secondary arms; un- 
equal distances between successive lines drawn from a station 
will then indicate at a glance errors either by that reader or 

Whea moving targets are not available, pmctice may be had 
with liypotlietical courses. Computed data for such courses are 
furnished readers who, on the bell, telephone the proper data to 

Idotting-room. To start both readers on the same observation, the 
latten commander or range officer should announce to all con- 
cerned; "Next bell will be No. - — ." 

In loading, the projectile (for guns) is pushed carefully o& the 
truck into the powder chamber, and the truck then withdrawn; 
the ramming detail man the rammer at the end, and at the com- 
mand HOME RAM of the chief of breech, rush the projectile to 
its seat, increasing its speed so as k> seat it securely. For mortars 
the projectile is rammed direct from the truck. The powder serving 
trav (exceot for B, C.) containini: a sinizle charee is then inaertedT 
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and the chaive pushed carefuLy off the tray bo that ita tear end 
Kill be pushed home by the breechblock. 

In drilling at the piece it is also nccetisary to tnun each man 
individually, in order to prevent accident and develop team work. 
Practice in ramming the dummy projectile and sponging is par- 
ticularly nocesBary. At disappearing guns, series of three or four 
shole, by ramming the dummy projectile and tripping only on 
last shot — \he other shots being smiulated as closely as possible — 
is recommended for the development of team work. Similar in- 
struction should be followed at other guns. Mortars may be loaded 
and unloaded with dummy ammunition each time. In using drill 
priiuers, the primer flame-DuHle must be attached to obturator, to 
prevent damage to dummy powder charge. 

Disappearing guns that do not counter-recoil U> the slops 
should be embarred "in battery" before the.y are fired, as otherwise 
the quadrant angle of elevation might be affected. 
Coast Abtillbry Inspection. 

83. AU armament will be manned and all instruments ad- 
justed, and everything prepared for use. Power plants, lights, and 
range transmission devices should be in operation. Tne m'spector 
will visit the stations and em}>lacementB in the order most con- 
venient, and will be accompanied by the immediate commander. 
As the inspector approaches a station, the personnel will be called 
to attention by the officer or non-commissioned officer, who will 

When the inspector approaches an emplacement, the pit or 
gun commander will command, ATTEHTIOH, and will salute. 
The gun commander will also command, OPEN BREECH; and 
as the inB|>ector approaclies each mortar its chief of detachment 
will command, OPEN BREECH. Such other commands as are 
necessary to operat* the mortar will also be given. 

An artillery inspection will be conducted to include; 

(a) Examination of all equipment, implements, and all parts 
of guns, carriages and emplacements — special attention being given 
to; obturators and pads; condition and adjustment of elevating, 
traversing, and retraction mechanisms; recoil cylinders,^ and throt- 
tling and buffer valves: oil holes and grease cups; adjustment of 
sight and sight standards and elevation devices; adjustment of sub- 
ames of azimuth circles; firing attachment, batteries and circuits, 
motors and controllers; sponges and rammers, drains and dia- 
grams of same; hoiHts; light and power installation; galleries; 
nu^saaines^ and grounds in the vicimty. In preparing for inspec- 
tion, a thm coating of grease will be left on all bearing surfaces. 
All doors should be opened. 

(6) Examination of fire control stations and apparatus, special 
attention b^g given to the condition and adjustment of euI in- 
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etmments, and to the knowledge observers and operators have of 
the adjustment and use of all materiel. 

[c) Simulated target practice at a moving target, with dummy 
ammuiution, 

td) An examination of the uniforms worn by the personnel. 

(e) An examination ot emplaooiiient and fort record books. 
SALUTES. 

84. Salutes are fired under the charge of a commissioned 
officer; 5-second intervals are employed. After eaclj round, the 
powder chamber will be sponged and the mushroom head wiped 
off with a rag dipped in oil. 
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CHAPTER Vn. 
SEARCHLIGHTS AND SIGNALING. 

85. There are three codes of signals in the service; (1) The 
Amurican Morse Code ia used only on telegraph lines, short cables, 
and field lines; (2) The International Morse Code is the General 
Service Ckide of the Army, and is used for all visual signaling, 
radio telegraphy, and cabJ^ using siphon recorders; (3) The Sema- 
phore Code, The General Service Code is the only dot-and-dash 
code -used in communication between the Army and Navy; the sema- 
phore or any other agreed-upon signals not adapted to aot-and-dash 
may also be used. 

86. Signaling between shore and tug is usually by searchlight 
with a shutter giving intermittent flashes, or by radio. Whwi these 
methods are not available, use may. be made, during the day, of 
flags (wigwag or semaphore) or heliograph; and at night Ardois, 
acetylene lantern, torch, electric light Tjlinker, Very pistol, or rock- 
ets--each with its appropriate code. 

The following rules will be habitually observed: 

(1) A red flag exhibited at the battery or point previously 
agreed upon, when ready and during firing, and on the tug when 
the course is clear. At mortar subcaliber practice this battery flag 
may be dipped as each shot is fired. 

(2) In acknowled^ng signals the tug will repeat signal. 

(3) A direction signal (^OB. 2, 3, 4, 8, and 9 of special code) 
having been aeknowliSged, trie tug will move in that direction 
until other orders arc received. 

(4) A signal not acknowledged, or acknowledged incorrectly, 

f the 



used when possible: 

1. Range correct, ready to fire. K 6. Hold stationary S 

2. Commence towing C 7. Turn T 

3. Go out O 8. Incline to port L 

4. Come in I 9. IncLne to starboard R 

5. Distress D 10. Close practice Z 

EXPLANATION OF SHORE-TUG SIGNALS. 

1. Range correct, r«ady to fire. — This signal ia supplementary 
to the firing signal at the battery. At mortar subcaliber practice 
it may be sent as each shot is fired. 

2. Commerce towing. — Directs towing on the course prescribed. 
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3. Go out, or 4. Como in. — Directs tug to move on line from 
01 towards the battery firing until directed otherwise. 

5. Distress.— Sent by tug and indicates interferenoe due to 
fouling or other cause; or, at night, that a shore light is interfering 
with a patrol boat. Distress whistle signals may also be used by 
tug. In any case the nature of trouble should be communicated 
by tug. When trouble ie removed. Signal No. 1 should be sent 
by tug, 

6. Hold stationary .^Directa the tug to remain stationary until 
further orders. 

7. Tum.^DirectH the vessel to turn about 180°; or if pven 
after No. 6, 180° from the course followed just prior to that signal. 

8. Incline to port, or Incline to starboard. — Directs the vessel 
to inchiie in that direction two ^inte (i. e., 22!4°). If given after 
No. 6, to run a course' two points from that followed when No. 6 

9. Close practice. — Indicates that firing is over. The tug will 
carry out orders given previously or by signal. 

87, The following is the General Service Code alphabet and 
numerals; with the w^wag (the signalman facing the station he 
is communicating with), the motion to the right is a dot, to the 
left a dash, and down in front of sender to mdicate a pause or 
conclusion; with the helic^aph, or acetylene lantern, or search- 
Ught with shutter, opening the shutter for one second is a dot, 
and for three seconds a dash. 

Alphabet. Numerab. 

A._ J S... 1. 

B K T_ 2 

C L U 3 

D M V 4 „ 

E . N _. W 5 

F X 6 

G P Y 7 



When no shutter is available, the beam of the searchlight may 
be used like the flag; a movement to the right indicating a dot, 
to the left a dash, and lowered for front. 

88. Posts may use International Code Flags for communi- 
cating with passing ships. 

89. The acetylene lantern consists of a generator for making 
acetylene, and a lantern proper. The generator is chaif[ed with a 
cartridge (can) of carbide and its reservoir Med with water. The 
water, coming in contact with the carbide, forms the illuminating 
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gas, the pressure of which automatically Btops the flow of wat«r 
until the pressure falls. 

SEARCHLIGHTS. 

90. The standard searchlights are 60-inch (diametet), but 
there are some 24-inch 30-inch, and 36-inch Id the service; the di- 
ameter in inchee of tlie mirror detennineB the dze a( the light. 
Searchlights are located so as to cover the water areas and landing 
places effectuailly and without interference, also to support each 
otner; hieh sites are obiectioDahle, because of the unilluininated 
space under the light when the light is coverinf; the outer field, and 
because of the interference of high fogs, wnicn frequently leave tne 
water open for navigation. Tliey should be advanMsd several thous- 
and yards to the front of the outer line of the primary armament 
to provide illumination for long ranges, but must be protected by 
rapid fire or movable armament. Under favorable conditions, 60- 
inch lights will illuminate white vessels about 8,000 yards, and 
36-inch, about 5,000 yards; the range o( these lights is considerably 
reduced in foggy weather, or when the vesBcl is painted differently. 
Depending ontheir tactical use, searchlishts are classified as search- 
ing, or illuminating lights; and, depeniOng upon their assignment, 
as fort, fire, or mine lights. 

The principal parts of a searchlight are: the reflector or 
mirror, lamp, drum or barrel, glaas front door, standards, turn 
table, pedestal, and training mechanism. 

oearclUights ore trained by hand, or electrically [by controller). 
The electric training mechanism consists of two motors with trains 
of gearing for elevating and traversing, located in the pedestal; 
these are operated by turning the elevating or traversing hand- 
wheels of the controller located in the fort or fire command sta- 
tion. Clutches are provided to throw in and out the electrical 
control; the beam should be oriented before the traversing clutch 
is thrown in. Two cables enter a searchlight; the power cable for 
the arc and the controller cable for the training mechanism; these 
come from a switehboard on which are mounted the meters and a 
circuit breaker, which controls the current. 

The lamp mechanism consists essentially of two carbon-holders 
and two magnets: a starting ma^et to start the arc, and a feeding 
ignet to main! 

There are t' . 

contains the arc and the starting magnet, and (2) the shunt 
circuit, containing the feed magnet. With the carbons slightly 
apart, when the circuit breaker is closed, current passes through 
the feed magnet and attracts its armature; the armature thus at- 
tracted operates, with a pawl, the ratchet wheel, thereby moving the 
carbons closer togiether; this movement of the armature breaks the 
circuit, and a feed spring draws the armature back; these operations 
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continue, causing a "clicking" noise. W>.en the CArbons touch, the 
large flow of current passing through the starting magnet attracts 
its armature, which operates to pull ^he i.'arbons apart, thereby 
(ormjng the arc of vaporized carbon. The arn-atiiic feed spring is 
so adjusted that its force is in equilibrium i^ith that of the altracuve 
force of the feed n'agnet when nomral voltage across the arc exists; 
as the carbons burn away and the arc lengthens, the voltage across 
the arc rises, thereby causing more current to flow through the feed 
magnet and making it feed the carbons closer togethei'; iJF the arc 
shortens, the voltage falls and causes Ic^ current to flow, which does 
not esert sufficient attractive force on the magnet to draw the arma- 
ture against the action of the spring, and this condition exists until 
the arc increases to the proper length by the carbons burning away.' 

An important characteristic of efficient service is to maintain 
a constant voltage across the arc; a rheostat and voltmeter arc 
inserted in the circuit for this purpose and the rheostat kept ad- 
justed so the voltmeter shows tiie normal pressure across the arc. 
Carbons which give a good arc, the beam properly focused and con- 
trolled, and a careful manipulation of the mechanical parts, are 
also essentials. 

The reflector is a glass mirror and its parabolic form reflects the 
light rays approximately parallel when the arc of va{>orized carbon 
is at the focus. Ifocusmg is accomplished by bringing the arc on 
the cross wires of the finder of the peep-hole (if there is a peep-hole), 
or by observing well off from the side that the rays are parallel. 
tf the rays diverge, the arc is between the focus and mirror; if they 
cross, it i^ outside. Moving the arc toward the focus causes the 
rays to become more nearly parallel and the beam to contract, 

The carbon farthest from the reflector is the larger of the two, is 
sometimes coied, and is termed the "pooitive"; it contains the 
ciater — the moat brilliant part of the arc. The other is the '"nega- 
tive." Carbons must be kept dry and adjusted in their holders so 
their axes are in alignment ; a tendency of the crater to form on the 
edge indicates cross-alignment. Fierce hissing indicates cracking 
of the carbon, which ruins the crater and necessitates recarboniziug; 
carbons so damaged should be reshaped in a lathe before being used. 
Carbons are issued in sealed packages and so kept until re^y for 
use. Carbons much exposed to moist air are improved by warming. 
In order that the carbons may be kept heated so that the Kght will 
be ready for immediate use, an occulting switch, which when open 
throws an extra resistance in the circuit, cutting down the current, 
is provided; the carbons are then held together by locking the 
feed magnet. This switch is closed when the liglit is in action. 

A searchlight is put out of action (i. e., occulted) by simplj 
tripping the circuit breaker; this cuts off the current. If the hxojp 
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is to be held ready for immediate uae, aa at drill, then, (fjopen oc- 
culting switch, (2) close circuit breaker, (8) feed the carbons to- 
gether by hand, and (4) lock feeding magnet. Never open the 
occiilti us switch while current is on, as sparking may damage the 
switch clips. 

To put the light in action, (1) separate carbons slightly by hand 
feed, (2) unlock feeding ma^et, (3) close occulting switch, (4) close 
circuit breaker, and (5) adjust rheostat for proper voltage. 

To recarbon, trip circuit breaker, separate the carbons by hand ' 
feed, and substitute new carbons in tlie holders, grii)ping them near 
the outer ends and beittg careful to align them. 

Core. — An inspection of all parts should be made once each 
month, and the lamp cleaned and carbon particles removed after 
each period of operation. The motors and bearing surfaces need 
frequent oiling. Commutatera are smoothed with sand (not emery) 
papei. The mirror is dusted with a soft brush and tlien polished 
with, chamois; grease can be removed with a solution of chalk, 
watei , and alcohol — the preparation being first allowed to drj' on the 
aurfai*. The light must never be operated with the arc between 
the focus and the mirror, as the heat may damage the mirror. The 
beam should never be elevated above 30°, aa hot carbon pai tides 
might fall on the mirror and damage it. Moisture must never be 
allowed in or on the light, and tlie light should be covered when 

The senior fort commander, through the materiel officer, con- 
trols all searehlights, or he may turn over the control of a light 
to a junior. The materiel officer is stationed in the fort command 
station, and is responsible for the drill of the searchlight details. 

Illucninating lights are intended, primarily, to illuminate tar- 
gets assigned to fire commands, and, when so used, are controlled 
by fire coromanders; they are put in action only by order of the 
fort commander. An illuminatiae light may, however, be used 
for searching, in two ways: (1) oy the fire commander, acting 
under orders of the fort commander to search a certain area, or 
(2) by the tort commander direct by telephone. 

For the purpose of control, the water area is divided into sub- 
areas, each oistmguished by a name, which, if practical, will be 
the same as the subareas of the battle areas; these subareas m^ 
be divided into two or more sectors, termed lUGHT, LEFT, 
MIDDLE. Searchlights of a coast defense command are desig- 
nated by numbers, aa "ONE," "TWO," etc., or by name, and 
may be permanently assigned to areas. 

A searchlight is individually used in searching by moving it 
slowly back and forth throughout the designated area, and occa- 
sionwiy; given an up-and-down motion; when a target is detected, 
a report will imm«liately be made to the officer controlling the 
li^t, and the light kept on the target until further orders. 
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The nonnal collective use of Bearchlights is hs (oUowb: The 
lights are, by command, put in action and search designated areas; 
beama, if necessary, kept approximately parallel so as not to inteJ- 
fere. The beams of two ot the outer fighta may be thrown across 
the harbor entraace, thus forming a forrier. When a target is 
picked up, it is reported and followed by that light to the end of 
the area, then covered by the next adjacent light — the first light 
uncovering and searching. When the fort commander desires to 
open fire, he directs the vesael to be covered by another light, 
winch then becomes an illuniinuting light. 

Manning party for a searchlight receiving power from a central 

At the fort (fire or mine) commander's station; controller 
operator. 

At the light; operator, assistant, watcher, and telephone 
operator. 

When power is furnished by a local gas enjjine, an engineer 
has to be added; when furuishcd with irawer from a local steam 
plant, an engineer and fireman have to be added. 

A searchlight operator should be a man of intelligence, inter- 
ested in his work, appreciating its importance, and possessmg ex- 
perience in electrical and mechanical apparatus. Operators should 
not be changed from light to light, as they require different handling. 

A watcher should be a man of intelligence, with norinal vision 
(20-20) without the use of corrective lenses, and free from color- 
blindness. He should be instructed in the hydrography of the 
harbor, methods of identification, and characteristics of vessels. 
He is equipped with a field glass, wears a head set bridged on the 
searchlight phone, and is stationed slightly in front, below, and 
on a fl^k of the light. 

Skarchlioht CoMMANoa. 

91. A searchlight is put in (or out of) action by the command 
(TWO) IH ACTION (or TWO OUT). FODR, SEARCH di- 
rects searclilight No. 4 to searcli its entire assignwl area; FOUR, 
SEARCH BOniTA (or RIGHT) directs it to search a particuhtr 
' area or sector of its assigned area. If searchlight No. 4 is covering 
a target, the command is FOUR, UNCOVER AMD SEARCH— 
the word "uncover" apprising the operator that the officer knows 
that the light is already covering a target. TWO, COVER THREE 
directs searchlight No. 2 to cover target illuminated by searchUght 
No. 3. 

AZIMUTH (275), FOLLOW, FOCUS, SPREAD, CONTRACT, 
RAISE, LOWER, RIGHT, LEFT, preceded by its number, are 
c<Bnmands to aceompliah the object indicated. SLIGHTLY is added 
to the command BIGHT, LEFT, RAISE, or LOWER, when a 
small motion is desired; otherwise the motion should continue 
until thn nommand HALT is oiven 
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degrees and held 

Night Drill, 

92, Battery night drill has for its object the instruction 0! 
the battery personnel in the use of the (>quipment at night. A 
tug is sent out and illuminated by a Eearchlight. 

Coast defense, fort, or fire command night drill is a search- 
light drill, in that it haa for its object the instruction of the per- 
sonnel in the tactical handling of searchlights. One or more boats 
are sent out before the assembly and, at tne appointed time, move 
according to instructions. All lights, except those required by 
navigation laws, are extinguished. All fire control personnel, gun 
Pinters, and traversing details attend. The efficiency of the liEnts 
may also be tested and improved upon by the commander taKing 
station on one of the boaU and directing, by signal, the drill. 

Searchlights will be thrown only on vessels provided for drill. 
When a beam cornea on another vessel, it will be immediate^ 
removed. 

The officer controlling a tight should be informed before it is 
put out of action for any puipoae, in order that he may assign 
its functions to another light. 
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CHAPTER Vm. 
COMMANDS. 
Fort Commander: 

93. ALL FIRE COMMANDS lor F THREE, or F FOUR, etc.)— 
TARGET — (sub-area)— (description, see ^lanation under 
"Battery Commander")— COMMENCE FIRING, or FIRE 
COMMANDER'S ACTION, or FIRE WHEN IN RANGE, 

or FIRE WHEN AT YARDS, or FIRE AT 

INTERVALS, COMMENCE FIRING, or FIRE AT SHIPS 
IN ORDER IN LINE (or IN COLUMN), COMMENCE 
FIRING; CEASE FIRING; FIRE ON SALVO POINT 

No. , COMMENCE FIRING; CHANGE TARGET. 

Fire Commander: 

ALL BATTERIES lor name of any battery or batteries, aa CRANS- 
TON)— TARGET — (aub-areft) — (description. Bee explanation 
under "Battery Commander")— COMMENCE FIRING, or 
FIRE WHEN IN RANGE, or FIRE WHEN AT ■ -- 

YARDS, or FIRE — HOUNDS, COMMENCE FIRING, 

or FIRE AT SHIPS IN ORDER IN LINE (or IN COL- 
UMN), COMMENCE FIRING; CEASE FIRING; CHANGE 
TARGET; TARGET OUT OF ACTION: CHANGE TAR- 
GET, SHIP No. ; CLOSE STATIONS; BATTERY 

COMMANDER'S ACTION; FIRE ON SALVO POINT 

No. , FIRE. 

Battery Commander: 

TARGET— (sub-area) — (shortest necessary description, as STEAM- 
ER BARRETT, or STEAMER COMING IN, or BATTLE- 
SHIP DIVISION, SHIP No. -, or CLASS (3-2), or IK 

5)— TRACK (or VERTICAL BASE TRACK, or B' AUXIL- 
IARY BASE, TRACK, or EMERGENCY SYSTEM, TRACK, 
or HORIZONTAL BASE, TRACK). 

CEASE TRACKING. 

CHANGE TARGET— SHIP No. TRACK (or VERTICAL 

BASE, or B' AUXILIARY BASE, or EMERGENCY SYSTEM, 
TRACK ^ 

WITH (state kind of projectile, aa DUMMY PROJECTILE, or 
CAST IRON PROJECTILE, or ARMOR-PIERCING SHOT 
or SHELL), COMMENCE FIRING. 

WITH (kind of projectile) FIRE ROUNDS, COMMENCE 

FIRING. 

WITH (kind of projectile) NUMBER(S) FIRE 

SHOT(S), COMMENCE FIRING. 
88 



Company Commander. 
OPEN RANKS, MARCH, FRONT; CLOSE RANKS, MARCH: 
REST; AT EASE; ROUTE STEP, MARCH; COMPANY 
ATTENTION; RIGHT (or LEFT) FACE; FORWARD tor 
COLUMN RIGHT, or LEFT; or COLUMN HALF BIGHT, 
or LEFT) MARCH; SECTIONS (or name of section) POST. 
Range Officer: 
CLOSE STATIONS. 

Emplauement Officer; 

Ho. TAKE COVER: RELAY; — PIT READY; 

FIRE; DRAW POWDER CHARGE; REPLACE EQUIP- 
MENTS. « 
Searchlight Commanda: 

TWO inumber of searchlight) IN ACTION; OUT; 

SEARCH; FOLLOW: TWO COVER THREE; TWO 

UNCOVER AND COVER THREE; TWO AZIMUTH -— 
(degrees); FOCUS; SPREAD; -CON- 
TRACT; ELEVATE; RAISE or LOWER 

(SLIGHTLY, or HALT); RIGHT or LEFT (SLIGHT- 
LY or HALT). 

First Sergeant: 
FALL IN; CALL ROLLS; REPORT; CALL OFF. 

Chief of Section: 
DETAILS POSTS; FORM SECTION. 

Gun (or Pit) Commander: 
EXAMINE GUN; FORM SECTION; DETAILS POSTS; LOAD; 
CEASE FIRING; RELAY; FROM BATTERY, HEAVE, 
HALT; ATTENTION, OPEN BREECH, READY. 
Chief of Detachment (Mortars); 

Ho. READY; Ho. LOAD; No. —- MISFIRE. 

Observers: 
READY, TAKE; (B') ON TARGET (or B", etc.). 

Chiefof Breech Detail: 
m BATTERY, TRIP; HOME RAM. 



- 'OOg^lc 
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Range Setter: 
ELEVATE (or DEPRESS), HALT; RANGE SET. 
Gun Pointer; 



Elevation Setter: 
ELEVATE (or DEPRESS), HALT; CLAHP; ELEVATION SET. 

No. 3 (Mortara): 
ELEVATE. 

No. 9 (Barbette Carriage) : 
HOIST, HALT; LOWER. 
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CHAPTER IX. 
CORDAGE. 

94. A Tam is a thread of any fibrous material; two or more 
tarred yams loosely twisted together form spun yam, and two 
strands of spwi yam tightly twisted together '^onn mariin; a 
struiil is a number of yams twisted together; three or more of 
th«se strands twisted together form lope. Rope may also be made 
of metal or fibrous yams braided together. 

The size of a rope is deaignatod in two ways: (1) by it« oir- 
cumference in inches, or (2) by ita diameter in inches; the method 
used should be specified. The spaces between the strands are the 
jaws; a rope is loDZ-iawed or short-jawed, dependiog on whether 
the strands are loosely or tightly twisted together. 

Rope is laid (t. e., twisted) right-handed, or with the sun, when 
tJie strands, followed away from the observer,' rotate clockwise; 
when laid in the opposite direction, it is left-handed, or against 
the sun. 

Large rope is termed liawser; cable is formed by twisting 
together, agmnst the sun, three right-handed ropes of three strands, 
each. 

Rope should be coiled clockwise, and cable, contra-clockwise; 
and for ventilation should be stored dry and on skids or pegs. 

A bight is any part of a rope not an end, as, for instance, 
a loop. 

Worming is filling the jaws to make the surface smooth. 

Parceling Is wrappii^ (with the lay, or twist) with strips of 
canvas to protect the rope. 

Serring is worming, then parceling, and then wrapping tightly 
with small stuff laid against the lay; in serving small rope, worm- 
ing may be omitted. 

Seizing is lashing two ropes together by means of smaller 
cordage, called seizing stuff, such as roarlin or spun yarb; round 
s^ing is when the stuff is wound around both ropes without 
paaeing between them; rack or throat seizing is when the sti^ is 
passed between the ropes. 

Nippering is holding together two ropes by twisting a loop 
around them, using , 

Housing a hook , 
W it or prevent its disengaging. 

Frappii^ is drawing together and holding several ropea of 
tackle while taking up slack. 

Wliiptdng is wmding twine around the end of a rops to prevent 
Its unraveling. 

SpUdng IS joiniiig ends of rope together by interweaving the 
91 
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Btranda. There are three kinda ol splices: (1) eye splice, in which 
a loop or eye is formed at the end of a rope; (2) short s^ce, to 
connect ropea not intended to run through olocKs, as the size is 
increased at the epiice; (3) long splice, to connect ropes without 
increasing their size, so they can be run through blocks. In the 
long splice part is cut away and the splice is weaker than the 
rest of the rope. 

A strap or sling is formed by joining together the ends of a 
rope; a grommet is a ring of rope farmed by splicing together 
the ends. 

95. The following are generally used in the service: 

Square knot — (or joining the ends of rope of the same ap- 
proximate size. 

A thief, or granny, knot results from tying a square knot, 
incorrectly, and has no merit or use. 

Bowline — for forming a temporary eye at the end of the rope; 
when tied so that the eye encircles part of the same rope, it if 
called a running bowline. 

Bowline on a bight — a bowline, or ^e, in the middle of a rope. ' 

Anchor knot, or fisherman's bend — for tying ro|)e to an anchor. 

Carrick bend — for joining ends of large rope or cable. 

Clove bitch — for fastening a small boat to a pile, or a heaving 
hue to a cabje or hawser. 

Blackwall hitch and midshipman's hitch— for fastening rope to 
a hook when there is a steady pull on it. 

Cat's-paW is a more secure fastening to a hook than the Black- 
wall, and is employed when the pull is not steady. 

Sheep-shank — for temporarily shortening a rope without cut- 
Rolling bitch, timber hitch, stopper, and mooring knot^ — for 
tying rope to a spar or to another rope. 

SB. Standing rigging comprises stationary ropes, such as guys ; 
running rigging comprises ropes running through blocks. 

A block consists of ono or more grooved pulleys or sheaves 
mounted in a housing; wooden blocks are made or mortised — 
depending on whether of one or of several pieces of wood. They 
are sinele, double, or treble, according to the numbler of puUeya. 
When me block has a slot in the side so that the bight of a Tope 
can be inserted, it is called a snatch block. 

A tackle is a combination of ropes and blocks working together 
to aid in moving heavy weights. The block attached to the object 
to be moved is the running block, and the one fixed to the hold- 
fast is the standing block. Tliat part of the rope running from 
the block to which it is attached to the first pulley passed over is 
the standing part, the rope between the blocks is the running part, 
and the rope to which the pull is applied is the fall. To overbaul 
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a tackle ia to B«)anite its blocks; to round in a taekle ia to bring 
the blocks together. 

The Bitnple tackles ordinarily used are as follows: 

Whip, made by a-rope rove through a wngle block. 

Whip upon whip — block of one whip is attached to the iol! of 
another. 

Gun tackle — two single blocks, the standing end of the rope 
being fastened to the standing block. 

Luff tackle— when single and double blocks are used. 

Gin tackle — when double and treble blocks are used. 

By power of a tackle is meant the weight lifted, divided by 
the pull on the fall. It is (approximately) equal to the number 
of parts of the rope attached to or running from either side of the 
movable block, as, for instance: whip 1 (2 when block is movable) ; 
gun tackle 2; luff tackle 3. 

97. A crane, or derrick, consists of an inclined spar with 
tackle, resting on the ground, supported by and operated with 
guys, and used for lifting and transferring weights; when two spars 
are used^ the additionafone is vertical and is called the "mast," 
and the inclined one a "boom." 

A gin is a tripod consisting of two legs, a pry pole, the tackle, 
and Bometimes a windlass, and is used for lilting weights vertically. 
In assembhng a gin, the three poles are laid on the ground, heads 
together, at flie proper angle for the bolt and cicvis (parallel when 
a lashing is used), and the pry pole in the middle and pointing in 
the opposite direction. They are fastened together with bolt or 
lashing, and the whole erected by lifting the head and bringing 
up the foot of the pw pole towards the feet of the other two legs. 

Shears consist of two spars lashed together, a tackle, and the 
necessary guys, and are used for lifting and transferring weights 
at an angle. The two spars are laid on the ground parallel, laehed 
togetlier, and the whole erected with the aid of guys or other tackle. 

B8. ^draulic jacks are used for hfling heavy weights. There 
are two kinds of jacks of varying capacities, from 15 to 60 tons, 
via.: \l) horizontal jack, which may be used in any position, and 
ifi) base jack, in which the head must be higher than Uie base. 

The lit|uid used in jocks is a mixture 01 grain alcohol ^to pre- 
sent freezing) and water, in approximately eijual parts, and a 
spoonful of sperm oil to keep the leather packing puable. Jacks 
are filled while the ram is down, either through Uie screw hole of 
the lowering valve or by removing the hexagonal cap. To empty, 
run up ram until it can be pulled out, placing finger over escape 
hole in the cylinder side, and invert jack so liquid can run out. 

Jacks are designed to raise weights of their rated capacity 
when approximately 150 pounds is applied at the end of the handle. 
Accordmg to the principle of physics, "pressure on ^liquid is trans- 
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mitted equally, per unit of area, inallditectionB"; i. e., the pressure 
under the ram per square inch is the same as in the pump pre 
equare inch; the cam, being larger in area than the pump, there- 
fore lifts a heavier weight in proportion tn the two areas as liquid is 
piumped under it. Thia gain in power is further increased (propor- 
tionally) by the leverage of the haildle being fcreater than that of 
the pump. In using, the jack la placed under the weighty the 
lowering valve closed, and the handle is operated until the jack 
is up the required height; a block is placed under the weight, and, 
with the handle down, the whole is lowered by opening the lowering 
valve. When the jack can not be placed under the weight, a claw 
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99. The "Dreadnought" (British) was the first battleship 
to uflwy all big guns (12-inch), supplemented by a rapid-fire bat- 
tery (S-inch) tor torpedo attack. In diapeasing with the inter- 
iMdiaf* armament, 6 to 9-inoh, carried by battleships prior to this 
time, the "Dreadnoueht" waa enabled to cany a greater number 
of large guns. Battleships antedating the Dreadnought" are 
termed " pro-Dreadnought." Battleships constructed 



erftUy of the "Dreadnought" type (all big guns, with rapid-fire 
suns). The lareer ones, can^ii ' ..->....,-:.... .... 

tertned "super-Dreadnought." 



suns). The lareer ones, canning larger guna, 14- to IS-inch, 8 



The battle cruiser is essentially a battleship, but with the 
hisher speed necessary for advance skirmishing and for pursuit. 
To attain this speed, it waa necessary, in order to install heavier 
eogines and boilers, to sacrifice, to a small extent, armament and 
Minor protection. 

The armored cruiser has high freeboard, lighter armament 
uid armor than battleships, but greater speed than battleships of 
tbe same period. 

Cruisers have high fredraard in con tra-disti notion to battle- 
ships, are intended for patrol purposes, and carry light guns and 
inaome cases light armor. The faster cruisers are termed "scouts" 
and are used to accompany or precede the fleet on scouting duty. 
Those having protective decks and no side armor are termed "pro- 
teited cruisers." The small ones used in shallow waters are termed 
"gun boats," and have low speed and no armor. 

Battleships can be distinguished from armored and light cruis- 
ers by their more massive appearance, particularly in the super- ■ 
atnicture of turrets, guns, and cranes, by their lower freeboard 
and broader beam, and by their more irregular silhouette. Dread- 
noughts can be distinguished from the older battleships by their 
size, but can not be distinguished from the larger battle cruisers. 

Monitors were intended for the first line of battle. Their chief 
characteristics were the revolving turrets mounted on a heavily 
armored hull of extremely low freeboard. The type is now obso- 
lete and would be used for coast defense only, though recently 
monitors have been built and used in rivers and on the coast against 
the mobile army fortifications and forces. 

Torpedo boats were designed for torpedo attack on larger 
vessels, and possessed great speed, a few smalt guns, and no armor. 
They are now used for coast defense purposes, being displaced on 
the seas by destroyers. Destroyers were designed, originally, to 
operate against torpedo boats, and possess greater speed than the 
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Submarinea are designed for under-water torpedo attack, but 
mnjr have light guns for service above water; they may also be used 
against Fortifications, as on raids against searchlights, observing 
stations, and mine fields. Tliey may also be used in cost defense 
work on patrolling duty, partitutarly in fogs, and against the bos- 
tile fleet. 

Guns afloat are at a disadvantage when compared with guns 
ashore, on account of their unstable platform and difficulties of 
range finding, and because of the more obscure target offered (or 
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CHAPTER XI. 

TARGET PRACTICE. 

SUBCALIBER PRACTICE 

100. The object of aubcaliber firing is to practice the gun- 
pointers and other membera of the sections in their duties, and to 
exercise the firo control personnel in their work Subcaliber prac- 
tice may be (1) tort command, (2) fire command, or (3) battery — 
the coast defense commander allotting a portion of the allowance 
to fort and fire command practice. Battery subcahber practice 
and drill will also be had under emergency conditions: under these 
conditions, one or more elements of the fire control system (for 
guns, B', B", B. C, B' and B", B" and B. C, sight standard and 
gun pointer; and for mortars B', B", B. C, B' and B. C, B" and 
B. C.) will be eliminated. Use will be made of any insti;ument in 
any station not eliminated for range and azimuth, but communi- 
cation will not be had with any station eliminated. Service prac- 
tiec should be simulated; a disappearing carriage will not be 
traversed while the ammunition is being inserted; the command 
READY will be given at the expiration of the time necessary for 
the gun to go.into battery, and the gun pointer will endeavor to 
get on target in the time necessary to close breech, plus tripping 
interval. Trial shots may be fired at moving target; the battery 
commander starts with normal muzzle velocity, using actual me- 
teorological data, otherwise assumed data, and fromliia observa- 
tions of the splash determines a velocity and deflection correction 
(as explained in Chapters II and V) which will throw the sp ash 
just in front of target. In order to prevent loss, a responsible man 
should be placed in charge of this ammunition during and between 

In preparing the service practice equiprnent for subcaliber prac- 
tice, changes in the plotting room apparatus are necessary as fol- 
lows: (!) For guns: chart on range board; T square and d rf I 
scale on deflection board; shde on set-forward ruler if graduated 
in ranges; drawing in and amjiying scale to gun arm or changing 
Bcale of plotting board {wr. 52). (2) For mortars: drift scale on 
deSeution board; zone slide on plotting board, and changing scale 
of board if desired. On disappearing carriages a subcaliber platform 
is attached to the breech for subtwliber practice, and a weight to 
balance it attached to the muzzle. 

101. To ABBBMBLE SUDCALInER TVBB IN GVH OR MORTAR: 

Clean cliamber and centering slope; remove dummy plugs from 
mushroom head and put on spindle plate with its two screws. 
Insert tray to protect threads of breech recess and insert tube 
with adapters, using handspike, pushing it smartly forward until 
the front adapter seats firmly in uope of chamber. Remove hand- 
99 
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spike and tighten wedge screws; insert locatJDE gauge in bore of 
tube, leaving flange slightly to rear of face of tube.* Close breech 
gently; if resistance ia encountered, the tube is too far to the rear; 
open breech and turn the tube righuhanded. If do resistance ia 
encountered, open breech and note whether flange of gauge is 
flush with face of tube; if not, turn tube left-handed. Continue 
operations until the flange of gauge is flush with face of tube 
and tighten clamp screw. Close breech on a round of subcaliber 
aramunitioQ to verify the adjustment. 

To dismount tube, loosen both screws, insert handspike and, 
using tray, lift it out of gun. If the tube sticks, use gun extractor. 

102. Immediately on being fired, empty cartridge casee should 
be dropped into water, decapped, cleaned inside and out, and then 
dried. Drill primer bodies should be similarly treated. 

SERVICE PRACTICE. 
Inspection. 

103. Before service practice the battery commander will sat- 
isty himself that all materiel is ready for service, special attention 
bem^ paid to the following: adjustment of all fire control appara- 
tus (including D. P. F., azimuth instruments, powder chart, plotting- 
board, deflection board, range board, set-forward ruler and predic- 
tion device, wind component indicator and atmosphere slide rule, as 
explained in Chanter V); azimuth indices, sights and sight stand- 
ards, range and devation scales and quadrants, obturating devices 
(gas check pad and primer scat), elevating friction device, safety 
and firing devices {.electric and lanyard), throttling and buffer 
valves, ammunition, shot trucks, elevating and traversing mechan- 
isms, recoil and counter-recoil system; in mortar batteries, a device 
for checking azimuths and other data must be provided. Breech- 
blocks will be dismantled, cleaned and oiled. 

Immediately after practice, all materiel will be inspected by 
the battery commander, and a report on its condition made thrpugn 
channels to the coast defense commander. Bores will be washed 
clean with water, dried and oiled; breechblocks will be dismantled, 
cleaned and oiled; carriages and emplacements cleaned and oared for. 
Adjustment of Materiel. 

104. Ammunition: The powder to be used should be stored 
in the battery magazine for at least two weeks prior to practice, 
and tjie temperature of the powder then considered the same as 
that of the magazine. The powder must be blended just prior 
to use (paragraph 20). 

*NOTi!. — In some tubes a loDatins lauge ia slipped over the spindlB pint*. 
loaviDf gpaoe between laufs Hod pUte; (bs tube is properly adjmted if th* 
gBuae u puBbad aiuiut ths pUte wlieo the bneoh u olowd. 
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All projectiles will be cleaned aiid their bourrelelb freed from 
paint. Care will be taken that projectiles are seated securely and 
uniformly, as the improper and non-uniform seating of projectiles 
reeulta in variations in muzzle velocity. 

Shot trucks will be adjusted for correct height, and only those 
belonging to the batt«ry used. 

All grease must be removed from the bore, as its presence 
would lower the muzzle velocity of the first shot. 

The ammunition allowance for National Guard coast artillery 
is prescribed by the War Department in letters of ijistruction issued 
pnor to their encampment, 

105. Service practices for regular troops are divided into: 
(1) first practice, and (2) additional practices. The ammunition 
prescribed for additional practices is used under r^ulations pre- 
scribed by the District Commander. Tlie ammunition allowance 
per battery "in service'.' tor the year 1917 is as follows: 



5 and 6-inch guns. 
8 to 14-inch guns. 
Mortars 



First Practice. Addi- Sub- 

tional Total. caUber, 
Trial. Record. Practices. Rounds. 



12 



18 



150 



106. Two pressure gauges will be used for each trial shot. 
In order to avoid delay, a sufficient mimber of coppers should be 
measured beforehand and placed in the availably gauges; the cop- 
pers need not be removed from the gauges, nor measured, until 
the last trial shot has been fired. Two pressure gauges are also 
used for the record practice— one copper cylinder being placed in 
each gauge before the first shot of the series and not removed until 
the last shot has been fired, the pressures recorded representing 
that of the round which had the maximum pressure, but, if practi- 
cable, the gauges should be tightened after each shot. When firing 
trial and rCcoixl shots at moving targets, the same gauges and coppers 
may be used without changing. 

107. The si^ht standard, azimuth indices, range scale, and 
quadrant must be in adjustment. (See paragraphs 32 and 33.) 

108. Obturating and safety firing devices: The breech mech- 
anism should be dismantled, cleaned and oiled, and the gas check 
pad adjusted (paragraphs 26 and 27); if the pad is solt or the 
canvas torn, another should be substituted. The primer seat, vent, 
and firing mechanism should be cleaned. A combination primer 
should not discharge by a sharp, quick pull on the firing leaf until 
the breechblock is completely rotated. The continuity of the 
electric circuits of primers to be used should be tested; the cir- 
cuits of the gun and carriage should be tested with an electric pri- 

mor wliinh ohniiM nnt Bro until oil =wlt«h« on/1 rnntBf^imre closed. 
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In disappeamig corriagea, iUe safety lanyard device should not op- 
erate to permit the lanyard being withdrawn until the top carriage 
is about 12 inches from the stop: for mortars, the ring should not 
release until the muMle ia pointed above the parapet. 

109. The elevation friction device will be adjusted as ex- 
plained in paragraph 34, and the elevating and traversing mech- 
anisms cleaned and oiled. 

no. The recoil syetem must be cleaned, the cylinders filled, 
the throttling and buffer valves set (paragraph 38), and stuffing 
boxes adjusted (paragraph 39). Old grease should be removed 
from all shding parts and new grease applied, and grease cups 
adjusted (paragraph 37), 

Firing of Trial Shots. 

111. The muzsle velocity of the powder to be used ean be 
determined in one of two ways: (1) by a conatderation of the 
previous firings of the same lot of powder, noting the velocities 
used and correcting for the overs and ahortsj or (2) by the firing 
of trial shots. The object of trial shots ia to determine for the 
firings which follow: (1) for guns, the mu^le velocity of the 
powder and the arbitrary deflectjon correction; and (2) for mortars, 
the range and arbitrary deflection corrections (where the mortar 
elevation board is used, the muzzle velocity is determined), and 
to secure data for a study of velocity, atmosphere, and wind effects. 

All trial shoU are fired from the same gun or pit, the piece 
being laid with the same elevation and ax^muth on a point at 
mid-range, tho various corrections being made on the deflection 
board (fiXsa range board for guns); the muzzle velocity assumed 
ia based on previous firings of the powder, the records of which 
are usually obtainable from the ordnance officer, War Department 
general orders, or C. A. memoranda. Powder fired at a higher 
temperature gives a higher muzzle velocity, and vice verta; con- I 
sequently, it the temperature for record shots differs from the trial ' 
shots, or if there is a variation in powder temperature of several 
series, an allowance, as determined by the powder chart or rule, j 
ahoidd be made. Trial shots may also hn fired at set-forward points I 
of a moving target and splashes similarly located. 

The splashes are observed at all stations of the fire command, I 
and, with the point fired at, will be plotted on all plotting boards | 
with the aid of the F. C. plotting board pantograph. Observers 
set their instruments at the a^muth of the point fired at, and 
should be informed a few minutes before each trial shot ia fired; | 
spla^es are bisected with the vertical wire and the reading of 
instrument personally verified by observer before sending to plottii^ 
room. The difference in range to the center of impact of splashas ^ 
and the point fired at gives, for mortars, the range correction; and, 
for guns, the basis on which the muzzle velocity can be determined. 

112. The deflection correction is the difference in oaimuth of ; 
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*he point fired at and the center of impact, using corr«ctioa refer- 
eaee number lesa than 3.00 when the splashes fall to the right, and 
nee versa. The deflection correction for guns can be better de- 
termined, however, by keeping the gun at the azimuth fired at 
and bisecting the splash with the movable wire; the difference 
between the splash reading and the deflection determined from the , 
deflection board being the arbitrary correction to be used. When 
a material target is used, the correction can be determined, both "^ 
for guiLS and mortars by using a, telescopic sight or aziinutli instru- 
ment; the sight set at 3,00 is kept on target, and when the splash 
occjtB the movable wire is run to the splash; the an^lar deviation 
VI converted into yards at target by niuluplviiig its tangent by 
the range to target, the latter bein^ measured on plotting board; 
tbe conversion into yards can be quickly approximated by the use 
of mils, one mil (.05° approximately) i" yards at any range being 
equal lo that range divided by 1000. With azimuth instruments 
uot provided with deflection scales, the angular deviation is the 
difference in azimuth of target and splash. 

113. A range correction is made as follows: 

(1) For mortars, by (o) sliding the zone slide out for overs 
and in for shorts the correction desired, or (6) constructing a new 

Kper scale for each zone, based on the muzzle velocity determined 
im the trial shots and pasted on mortar arm (or from the zone 
chart when the mortar elevation board is used, by setting the 
ruler to the muzzle velocity determined). See paragraph 14. 

(2) For guns, by determining a new velocity as described in 
paragraphs 67, 49, and 14. 

Plotting Splashes and Dbteuwininu the Fiodue 
OF Mbiht. 

114. A line is drawn through the mean of the plotted (ob- 
served) points to represent the course of the target. The position 
of the target on this course for each shot is determined by the 
intersection of the gun arm, primary or secondary arms, set at 
the azimuths of the tai^et which were read from the azimuth 
instruments mounted at the battery, primary or secondary stations , 
at the instant of splash. Before tnc plot is moved, the range 
officer will draw lines of direction with gun arm througli each posi- 
tion of the target at instant of splash, and locate two datum points 
thereon, so that the plot at any time thereafter can be oriented. 

115. Targets: The record target for guns 8-inch and above 
(also 5-inch and 6-inch in first practice) is a silhouette aa shown 
on Forms 1000 and lOOOA, having the center of its water-line at 
the center of the water line of the towed target (as seen from the 
battery), and its water hno on the course of the towed target. 
The record target for mortars is the plan of a battleship shown 



ro4 Coast Artillery Matiriel. 

on Form 1001, having its caiter on the center of the towed target, 
and its longer axis on the course of the target. Using crOHB-section 
paper 50 yaxAa to the inch, locat« towed target at iiiteraection o( 
two heavy lines {T) and lay off on heavy line (f7) the position of 
observer on tug (tow-Une measurement from Form S^). Draw 
a line of direction through target [3'), making angle B, with course 
of tai^et (.angle determined with protractor from plotting board). 

For rapid-fire guna (also 5-inch and 6-inch, except in first 
practice], the towed target is a material target 10 feet high by 
24 feet long; all shots, direct or ricochet, etriking the canvas, 
masts, or raft between the masts, are counted as hits. 

118. The position of the splashes with reference to the towed 
target is determined from observations made on shore and tug, 
afl explained under Forma 822 or 823, paragraph 123. 

117. Hits: Lay off T m on Une through target perpendicular 
to track equal to the deviation of splash in yards, and T V equal to 
lengli of tow liue (taken from Form ^^23; camera record if rehable) ; 
the splash Ues on line tlirough U m. Lay oC T r on line through 
target perpendicular to line of direction equal to lateral deviation 
of splash in yards (taken from Form 822) ; draw line r r" parallel 
to hne of direction; the splash hes on this line. The interaection 
of the two Unes containing the splash detenninea its location. For 
a gun battery, lay off to same scale the proper silhouette shown 
on forms. Shots which pierce the silhouette or fall not more than 
10 yards short of the water line, measured parallel to line of direc- 
tion, are hits, with values as shown on forms. To determine whether 
a shot pierced the silhouette, multiply the distance in yards from 
the point of splash (S) to the water tine {W) of the target (measured 
on line parallel to Une of direction) by the tangent of the angle 
of fall corrected for height of site and curvature. This corrected 
angle of fall = {w + t);tii (uniega) being tlie angle of fall token 
from range table corresponding to range drum setting, and 



actual range to target + long, deviation (r S) 

r Range in yards ]2 



The curvature of the earth (in feet) = 

I lUUU J 

The result will be the approximate height in yards that the shot 
passed above the water Ime of the silhouette; plot this distance 
on a perpendicular (W P) to the course of the target at the inter- 
section of the line of s[>lasli; if it comes within the silhouette, it 
is a hit. with value as indicated on the forms. The value of the 
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corrected fmgle of fall and tangent used in each case will be en- 
tered on the cross-section paper. A separate plotting will be made 
for each shot; where shots are obviously misBCS, the silhouette 
need n6t be plotted. 

For a mortar battery, lay off to same scale the battleship plan, 
with dimensions as prescribed on Form 1001; splashes which plot 
within the target only (not ricochets) are hits, with values as 
shown on form, 

118. The figure of merit is for the purpose of comparing the 
work done by companies in service practice, 

CH 500 
For guns, M = 1 



For mortars, M = - 



n whioh — 

M — tho figure of merit; 

C = Constant for particular caliber, as follows; C = 2.8 for 
all guns 5 inches and larger; and 1 .0 (unity) for 
mortars and guns ics^ than 5 niches; 

H '^ number of hits: 

P = probability of bitting (see table of Annual Instruction 
Order); 

K = number of guns used; 

B = mean angle, in degrees, of track of tai^et with line of 
direction (the line from directing point is ueed); the 
minimum value allowed for sin B i^ .643; 

D -■ mean longitudinal error, in yards, of series (see Chap- 
ter II); 
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It is assumed that the lateral dori- 
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t ■> corrected time of series in minutee to third decimal place. 
The total time is from command ot battery com- 
mander ''Commence firing" to discharge ot last shot; 
time out is allowed for (1) interference of vessels, (2) 
delays incident to the movements of the towing tug, 
(3) defects in mat^iel which could not, in the opinion 
of the umpire, have been foreseen and remetUed by 
the battery commander, (4) whenever the firing of a 
mortar battery is suspended on account ot excessive 
lateral deviation, (5) ooscuration of target. 
In computing the figure of merit, all fractious will be expressed 
to the third decimal place: in disoarding a fraction, the figure in 
the third decimal place will be increasea one in case the figure in 
the fourth decimal place is 5 or greater. The maximum value 

rsooT 

allowed for the second term — is 10. When the number of 

I E J , 
shots differs from the number prescribed in the first practice for 
i«gular companies, multiply the first term (H) of the figure of merit 

by — , in which n ■» the number of shots prescribed, and n' "■ 

the actual number fired; National Gaurd companies use a different 
factor, as may be directed by the War Department. 
Safety PRBCAUTioNa. 

119. The coast defense commander prescribes the course of 
the tar^t, and will not permit the practice until, through personal 
inspection, he is satisfied the personnel is properly instructed and 
the practice can be held with safety. 

The fort commander conducts the practice from his station, 
and is responsible for the safety of the range; he is assisted by a 
safety officer, appointed by.bim. 

The fire commander supervises all preparations for the prac- 
tice and conducts the practice from his station. 

Tlie battery commander is responsible that all of liia batteiy 
personnel understand the safety precautions which follow, and will 
personally question them on these point*. 

1. Refore the firing, all men at the battery will be cautioned 
to place protectors, waste, or cotton in their ears, lliey will not 
close their ears with their fingers. 

2. A service primer, inserted with breech translated but not 
rotated, should not flre at any part of the rotation by a quick, 
h^ pull on the lanyard until the breech is fully rotated. The 
primer must not fire electrically until all contacts and switches are 
closed. The primer will not be inserted until the breech has been 



io8 Coast ArHlUry Matiriel. 

the primer ia inserted, but for mortats, it is not hooked imtil tt 
mortar has been elevated 45°. 

3. After each round ia fired, the breechblock and recess wi 
be wiped out with a clotb saturated with oil, and the ohambf 
sponged with a sponge saturated with Uquid for sponging. 

4. Only one powder charge will be allowed on the platfon 
or mortar pit at any one time; No. 6 (mortars) must not approae 
the piece until the sponging has been coint)let«d. 

6. ifi case of mis^e, the primer will not be removed for i 
least ten minutes, and then witn a hook; during this interval, tl 
piece will be pointed whore its discharge would not endanger shij 
ping or the personnel. In firing by electricity, the circuit is broke 
before primer is removed, 

6. If the fall of any projectile ia such as to imperil the eafet 
of any boata, the safety officer will command CEASE FIRINC 
■and the cause will be investigated. 

7. Whenever a junior is ordered to fire imder cirtnimstances b 
judges unsafe, he will hold the fire until report can be made t 
the next hi^er commandej. 

8. Dunng the firing, a red flag will be displayed only at tb 
battery firing or at a point previously agreed upon; idso on tb 
towing vessel when the course is clear. No firing will occur whe 
either flag is ' 



lished so as to reach, without fail, ahipping and fishing int^eet 
{b) The day and hour will be selected with a view to having th 
practice at an hour when there is leaat likelihood of a vessel crossiQ 
the range, (c) The field of fire will be patrolled before dark wit 
a view to determine whether or not vessels are anchored theroi 
and also to warn approaching vessels, [d) Signal vessels will H 
located so as to observe any vessel approaching the range durin 



target (or the first shot of any aeries. 

Duties op Umpire; Pehaltibs. 
120. An umpire is detailed by the district commander to b 
present during the firing of trial shots and first practice. He h| 
charge of all time-keepmg and the determination of lateral dei^ 
ations, overs, and shorts. He represents the district commanda 
and will inform the coast defense commander if the regulatioii 
ate not being carried out. His decision in all matters arising \ 
final, but a written objection can be made later to the War DepaH 
meut by the coast defense commander if h^ informs the lunpii 
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CU^O/ AhiTILLtHY TAHCiETS 
Form 1000. Target fore-'nJO-inJZ-in., 
H'in. a»cj /6'iyj. Guns. 
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Ai.l dimensions tn yaro/^ 
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district commander. He determines by inspection the hite on rapid- 
fire targeU, and from the records decides hits for all other batteries. 
He m^ea report to the coast defense commander, stating whether 
or not the practice has been carried out In accordance with the 
regulations, and reports in detail alt irreRulurities. He is assisted 
by one officer and two non-commissioned officers to act as time 
keepers, one ofRcer and two nun-commisaioned officers as observers 
for lateral deviations, and one officer as tug officer; all are detailed 
by the coast defense commander, and report to the umpire for 
instructions. 

The umpire will impose a penalty of 5% of the figure of merit 
if the firing oi a mortar battery is suspended on account of excessive 
lateral deviation and such is found to be due to the personnel. 
Conduct of Practice. 

121, For regular troops, tai^et practice is conducted in ac- 
cordance with prescribed regulations. For National Gaurd troops, 
the inspector-instructor has entire charge of the practice, ana 
is authorized to depart from the regulationa when considered 
Accessary. The slopes should always be well watered l>efore firing. 

Two guns will be used for each gun battery, and fired alter- 
nately; for mortars, pits will be fired alternately^ in salvos of two . 
The pieces fired the least will be selected. The inferior corrected 
range for guns will approximate 6,000 yards for 5-inch and 6-iiich, 
8,000 yards for 8-inch, and 10,000 yards for 10-inch and above; for 
mortars, the two out^ zones will be used. 

With breech open and projectiles on trucks (on barbette car- 
riages, one projectile on hoist at height of breech), the authorized 
commands for firing (see Chapter VllI) may be given when three 
successive ranges are plotted on time range-boanl. The splashes 
are observed by the battery commander [or his assistant) with 
a telescopic sight or azimuth instrument containing a movable wire 
or pointer, the angular deviation being determined as follows: The 
fixed wire set at 3.00 is kept on target, and when the splash occurs, 
the instrument is baited and the movable wire is run to the splash ; 
this reading of the splash is set off on the arbitrary deflection scale 
of the deflection board, and acts to throw the next splash on the 
target. The observing instrument is then kept on this reading 
of splash [instead of 3.00) for the next splash, and the operation 
repeated. To prevent delay, the battery commander should an- 
nounce to the gun ^inter the proper setting of the sight, remem- 
bering that increasmg the numbers throws the next splash to the 
right, and idee versa. When an azimuth instrument without a 
movable pointer is used, this angular deviation is the difference 
between the aiimuth of target and azimuth of splash, a decrease 
in the u^t deflection or the deflection correction throwing the 
next aphwh farther to tb« left, Mid vio» verta. When instrumental 
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observation of fire shows that sbots are not falling properly, tbdeb 
corrections can be roade (or mortaris as explained in paragra^ 
113. and for guns by applying an arbitrary correction athw on 
range board or tiirie-rai^e boaid. 

On resuming the fire after an interruption, the arrangement 
otperBonnei and mat^el should be the same as when CEASE 
FIRING was given. 

Tarobt Practice Reports. 

122. Before any firings are conducted, the battery conunander 
will secure a full set oF service or subcaliber practice forms, ^d 
will have records kept of all data transmitted and received over 
all lines of communication and other data needed on said forms . 
Forms convenient for these records are shown in " Artillery Notes 
No. 38," and are printed at the forts. 

Form 819-A for guns (B for mortars, C for fire commands) ; 
prepared by battery (.'ommander. Vive copies to coast defense com- 
mander, who forwards one copy through channels to A. G. (>., War 
Deiwrtment. and one copy each to armament officer for Chief of 
Ordnance, district headquarters, battery emplacement book, and 
organization firing. Accomiianyiug the copy for the A. G. 0. wUl 
be the report of analysis board, plotting of splashes, and photo- 
graphs. A copy of analysis report will also i>e provided district 



nommander, for file with the coi.ipany records. 

Form 822; prepared by observer for lateral deviations— one 
copy, through umpire, to battery commander, for file with company 
recoids. 

Form 823; prepared by tug officer — one copy, through umpire, 
to battery commander, for file with company records. 

Form 833; prepared by time keeper— one copy, through um- 
pire, to battery commander, for file with company record;). 

Form 834; prepared by emplacement officer — one copy to 
battery commander, for file with company records. 

Form 831 (subcaliber firing); two copies of each practice, pre- 
pared by Lattery eommandor, to C. D, commander, who forwards 
one copy to the armament officer for the Chief of Ordnance and one 
for emplacement book. One report may cover firings extending 
throughout entire militia exercises. 

Data for Target Practice Reports. 

123. Forms 819 and 821. The (actual) range and approx- 
imate or uncorrected azimuth to set-forward point (or target) for 
fjuns and mortars is the gun arm range and azimuth to the mean 
me drawn through the oMerved points which represent the course 
of target, when the gun arm is placed on position of target at in- 
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stant of Bplaah. To verify the position of tai^t, the plotter should, 
when he bears a ahot fired, mark the course, showing its approximate 
position. 

Projectile struck referred to lareet, overs and shorts. These 

are longitudinal deviations obtained from the cross-aection plot by 
plotting the camera records of Form 823. Observe that splashes 
on cross-section cut measure + 33 yards. The rights and lefts are 
lateral deviations obtained from Form 822. 

Forms 819 and 834. The corrected rai^e is obtained by ap- 
plying the gun d^erence and level correction to the marked range 
drum setting when the piece was fired; the correction has to be 
apphed in a direction opposite to that i^ed when the gun was laid . 
The azimuth subscale should also be marked. 

The corrected elevation is obtained \>y marking the auxiliary 
elevation scale. 

The mean corrected range is the mean of the sum of the 
corrected ransea usM. 

Form 822. The angle between towed target and splash is 
measured on shore with a telescopic sight; the sight set at 3.00 
is kept on taivet until the splash appears, when the movable wire 
is run to middle of splash. This angle is converted into yards at 
target perpendicular to line of observation by multipl3^ng its tan- 
gent by the distance between observer and tai^t, as determined 
from plotting board. 

Form 823. The angle between towed target and splash is 
measured on tug, both with range rake and camera (the latter 
generally being more reliable), as follows: 

1. The normal of rake is kept on target and the deviation of 
splash in mils, right or left, i? read on the cross-arm below thi' 
edge of splash nearest the battery 

Mil.— One yard at 1,000 yards, two yards at 2,000 yards, etc., 
subtends an angle of 3.41 minutes and is called a "mil." For pur- 
poses of rapid conversion from linear measures to angular measures, 
this amount is taken as .05°, but this equivalent is only an approxi- 
mation. To convert mils mto yards at any distance! multiply the 
number of mils by the distance from observer to tan^t an<l divide 
by 1,000. Thus, suppose the range rake reading of a splash, tak- 
en from the tug, is 25 mils, and the tow line is 3U0 yards long; then 
25X300 -i- 1,000 = 7,5 yards; 7.6 yards when laid off from Urget 
perpendicular to tow line, and a line drawn from this position so 
determined lo the tug will contain the splosh. Note that this dis- 
tance is not generally the longitudinal deviation. 

2. The camera is 8napi>ed to take in tai^et and splash, and 
the distance between them is determined from the film with thf 
aid of a film scale and tangent scale. The film scale is the scale 
of the service camera, usually 6.U2 inches = 140 yards (corrected 
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it at measured intervala apart 100 yards from the ci 

The method ia as follows: 

Place upper edge of film scale parallel to horizon with ila icro 
on the geometrical center of film (intereection of diagonals); read 
the diaplaceiuents, in yards, of target and edge of splash nearest 
the battery. If the geometrical center of film is below the water 
line of tar^t, hold film upside down. 

The displacements thus determined refer to the axis of camera ; 
they are referred to course of tug as follows: (a) Geometric center 
betveea target and splash: Set the zero of inner scale to number 
on outer scale eaual to displacement of splash; then opposite num- 
ber on inner scale equal to displacement of target is read on outer 
scale the distance between splash and target. (6) Geometric center 
on same side of target and splash: Set the lesser of the displace- 
ments on the inner scale opposite the greater displacement on outer 
scale; then on the outer scale, opposite the zero of the inner scale, 
is re^A the distance between splash and target. 

The distances just determined are for towlinea 100 yards long, 
and must be multiplied by the length of towline used and divided 
by 100, in order to refer them to the tm-get perpendicular to course 
of tug. 
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CHAPTER Zn. 
EXAMINATIONS FOR OFFICERS. 

These exaniinationa (written) are held on the second Monday 
in May and November of each year. 

(Note. — Numbers after questions are references to paragraphs 
of text.) 

BASIC COURSE. 
(a) Service of the Piece. 

(1) Duties of each member of the gun section under all 
conditions. 
Chapters Vll to XIV, D. R. C. A, 
(fi) Gun and Camaee. 

(1) Nomenclature, purpose and action of the principal parts. 

Ordnance pamphlets and "Gunners' Instruction." 

(2) Packing stuffing boJtea. 

Ordnance pamphlets and "Gunners' Instruction." 
f3) Cleaning recoil cylinders. 

Ordnance pamphlets and par^raph 452, D. R. 0, A. 
(4) Adjustment of grease cupa. 

Paragraph 444, D. R. C. A. 
\5) Dismantling breechblocks. 

Paragraph 453, D. R. C. A., and Ordnance pamphlets. 
(6) Adjustment of gas check pad. 

Paragraph 457, D. R, C. A, 
^7) Adjustment of firing mechanism. 

Ordnance pamphlets and "Gunners' Instruction." 
tS) Oiling and painting. 

Paragraphs 423 t« 433 D. R. C. A. 
(c) Powders, Projectiles, Fuses, and Primers. 

{!) A general knowledge of the maleriel pertaining to the 

battel^ to which assigned. 
(.2) Preparation of charges. 

Ordnance pamphlets and C. A. I. O. 
1,3) Painting of projectiles. 

Ordnance pamphlets and "Gunners' Instruction." 
i4) General instructions for storage and care of explosives. 

Paragraphs 478 to 4i)4, D. R. C. A. 
\d) Cordage, Tackles, Gins, Sheers, and Jacks. 

"Gunners' Instruction" and Chapter XI, 8. C. A. 
re) Fire Direction. 

(1) A general knowledge of the range and position finding 
systems for batteries of the major armament. 

ChaptOT V, D. R. C. A., and C. A. M. 
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(f) Pointtag. 

(\) A Reneral knowledge of the use of the teleecopic sight 
for guns. 
Ordnance pamphlete, "Gunners' Instruction," and S. 
C. A. 
(2) A general knowledge of the use of the gunner'e quadrant 
for mortars. 
Ordnance pamphlets, "Gunaera* Instruction," and 8. 



(h) DeflnitiottB, Drill Regulations for Coast Artillery. 

Chapter XXVI, D. R. C. A. 
(i) United SUtes Rifle. 

"Gunners' Inatniction." 
\j) Care of Troops. 

(1) On the march. 

Paiagrapha 623 to 635, 1. D. R., 1911. 

(2) In camp. 

Paragraphs 661 to 677, 1. D. R., 1911 

Basic Codrsb Qdhstions. 
(a) Service of the Piece. 

What is the Btrength of a gun (or pit) section, and into what 
detachments and details is it divided? 

Prepsre a table showing the duties of each member of a gun 
(or mortar) detachment for; "Details Posts"; "Examine Gun"; 
"Load"; "Cease Firing." 

Make a sketch showing the post of each member of the gun 
(or mortar) detachment at the piece. 

Explain liow to post the gun (or pit) section. 

What is the strength of the ammunition and reserve detach- 
ments? and state briefly their duties. 

Give the commands to load and fire. 

What are the duties of the gun (or pit) commander when 
loading and firing? 

What is done at the command "Relay" (gun or mortar), and 
"Take Cover"? 

Explain the duties of the range setter. 

Explain how to retract the gun; how to open breecb. 

(Kef., "Gunners' Instruction" or D. R. C. A., Chapters VII i 
to XIV.) , i 

(b) Gun and Carriage. 

Name and describe the important parts of the carriage selected, 
beginning with the parts bolted to the concrete— their purpose aiui 
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State the material of which the gun (or mortar) is. made; the 
^neral type of construction, location and names of parts; length 
in calib«3, weight of projectile; weight of powder charge, and 
normal muzzle velocity. 

Describe briefly the following parte of the gun (or mortar) 
carriage at your battery: base ring; racer; recoil cylinders; trav- 
ersing mechanism; breechblock; tube. 

Name, illustrate by diagram or sketch, and explain the action 
of the parts of the breech mechaniam designed to prevent the 
escape of powder gaa. 

Prepare a rough sketch showing a longitudinal section of the 
gun (or mortar) to which assigned; mdicate and name thereon all 
the principal parts, to include all cavities and slopes, (25, 26, 31 , 
and G.I.) 

Describe the counter-recoil system of the carriage at your 
battery, and state its function; how the energy of recoil is taken 
up; how the flow of oil is controlled when the gun (or mortar) is 
fired; what to do it' the gun recoil to the buffers on firing. (38.) 

Should the cylinders ever be allowed to remain empty, and 
why? (38.) 

Explain how to unpaek, pack, and adjust a stufhng box; what 
cnaterial is used, and bow mucb. (39.) 

When should the recoil cylinders be cleaned, and how? (36.) 

What is a grease cup, and how is one packed and adjusted? 
Describe lubricant No. 4J4 i^nd state reasons for using such a 
lubricant. (37.) 

Explain how to dismantle and assemble the breechblock of a 
heavy cannon. When is it dismantled, and why? (Z7, Ili3.) 

Desribe the treatment and adjustment of the gas check pad. 
(26.) How is the firing mechanism tested? (108.) 

Describe the operation of assembling the firing mechanism , 
and name parts, giving fimction of each part, (29.) 

Name the oiTa used at a battery and state the purpose of each , 

Explain the method of painting guns (or mortars) and car- 
riages; the color used, and the parts left unpainted. 

Explain the method of removing paint. 

Explain the method of marking guns (or mortars and pits). (40.) 
(c) Powders, Projectiles, Fuses, and Primers. 

Describe the shovel and cycle method of blending powder; 
under whose supervision it is done, and the care that should be 

How are powder charges remade after blending? What pre- 
caulimis must be observed in handling them? 
What is the' object of blending powder? 
Describe a-method of making a compound blend of three lots 
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of powder. (20.) W)mt urc delay and Don-delay action fuses and 
their uses? 

Name the differeat kinds of primers and fuses, and explain 
briefly the purpose and action of each. (t7. 18.) 

sketcli an armor-piercing shot and shell, ahowing the two caps 
of each? What is tlie pitqttise of each cap? 

State the colors used, and what these colors and their posi- 
tiona indicate, for the following: (1) A. P. shot, lilled and fused; 
(2) \. P. shell filled and fused; (3) cast-iron projectile. (22.) 

Explain the regulations governing the storage of powders and 
explosives. 

What inspections of powdera and explosives ore required? 

What safety precautions arc necessary in handling and caring 
tor powders and explosives? Where are the keys to tJle magazine 
kept? 

Explain how to determine when to ventilate magazines, and 
the necessity therefor. 

How are powders and projectiles stored in the maeaaines? 

Describe the container of a powder charge. (19, 21.) 
{d) Cordage, Tackles, Gins, Shears, and Jacks. 

What is the difference between a thief knot, a granny knot , 
and a square knot? 

How should rope be stored ami coiled? How is tlie aiae denoted? 

For what purpose are each of the following used: cat's-paw ; 
bowline on a bight; Blaekwall hitch; sheep-shank? 

What b seizing; whipping; parceling; mousing; serving? 

What is the bight of a rope? 

For what purpose are the following used: rolling hitch; Car- 
rick bend; sheep-shank; clove hitch; square knot? 

Define rope and marlin. (94.) 

When should you use a gin, hydraulic jack, shears, or crane? 

Explain how to assemble and erect a ^irrisun gin. 

Explain how to assemble and erect shears. (97, 98.) 

Make a rough sketch of the following tackle, pving the power 
in each case, disregarding friction: whip; gun tackle; luff tackle. 
What is meant by power of tackle''? (96.) 

Describe the hydraulic jack. State the principles of lis oper- 
ation; the purpose for which it is used; the different kinds, and 
how each are used; and the use of the claw. (98.) 
(e) Fire Direction. 

Describe the systems of pitsition finding. Which is nor- 
mal? (63.) 

Draw a diagram showing the following: horizontal base; di- 
recting point of a battery of two guns; battery commander's sta- 
tion; auxiliary base; emergency base. 
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Name the several appliaiiRea and rievicea in the plotting room, 
and state the object of each. 

What instrument are necessary for the various systems of 
range finding? (44, 63.) 

Explain briefly how the corrected lange of the target is de- 
termined from the time the horizontal base begins tracking until 
the data arc sent to the guna. (55.) 

What observing and aiming points are used? (48.) 

Give commands for indicating a target and tracking, for the 
various systems. What is done by observer and gun pointer? 

Four warships are coming in the channel towards the battery, 
one behind the other; these ships are wide of beam, and each hae 
three or more heavy gun turrets; give all commands required of 
the battery commander to direct the fire of the battery on the 
ship farthest away. (48.) 

Explain tJte duties of each member of the range section at the 
command "Horizontal Base, Track." Same tor vertical base, and 
emeiKency system. (55, 56.) 

What are the manning parties for a B. C station, plotting 
room, observing station? (7.) 

What are the duties of the azimuth keeper, and where is his 
station? t56.) 

How is drill conducted with the T. I. bell out of order? (57.) 
(/) Pointing. 

Explain Case I; Case II; Case III. Which is normally used 
at your battery? (9.) 

Describe the telescopic sight; name the parts; show, with a 
sketch, the jrraduations of the dcfleetion sctde; and explain how the 
sight is attached to the mount and adjusted. (8.) 

A gun is fired with a deflection of 3.25, and falls O.IS* right; 
what should be the correct deflection for the next shot? 

A veseel is moving rapidly across the field of &ib from left to 
right; there are no wind or drift corrections; will the deflectio . be 
greater or less than 3.00? (121.) 

Describe the mortar quadrant and name the parts; to increase 
the range do you increase or decrease the elevation on the quadrant? 

For what purpose is the quadrant used, and how is it tested? (8.) 

A mortar is laid with the azimuth of what point? The (mortar) 
battery commander's telescope is set with tne azimuth of what 
point? (9, 55, 56.) 

(g) Characteristic Features of the Different Classes 
of Warships. 

Give the distinguishing features of the following: armored 
cruiser; destroyer. 

Give the general characteristics, including the armor and arma- 
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ment, of the following: battJeshipe; armored cruiseTs; monitors; 
destroyers; g^boats 

State briefly approximate maximui 
of the following: battleships, cruisers, a 

(A) Definitioiis, Drill Regulations for Coast Artillciry. 
Define the fotlowii^: chase, tube, hoop, breech recess, bore, 
recoil cylinders, throttling valve, azimuth of a ^tnt (draw diagram) , 
caliber, cap (draw diagram), Coast Artillery Militia, Coast Artillery 
Supporta, danger space, elevation, observing interval, predicted 
point, seworward point, deflection, jiimp, deviation, fire control, 
aiming, laying, bourrelet, obturator, erecting prisms, angle, base 
line, clinometer, directing point, quadrant elevation, line of direc- 
tion, ammunition, angle of departure, battery, breech reinforce, 
gunnery. (D. R. C. A.) 

(0 United States Kifle. 

Name ten principal parts of the U, S. rifle. 

Describe, in general, the method of cleaning the bore. 

What parts should be kept oiled? 

What IS the caliber, range, and initial velocity of this rifle? 

What kind of powder is in service ammunition, and what is ' 
the normal pressure? 

What is the weight of the bullet? 

How can service, dummy, and guard ammunition, caliber .30, 
be distinguished in the ilork? 

What is the object of the safety lock and culHjff? 

Describe the rear sight; the diflerent ways it may be used, and 
how to correct for wind. iG. I. and Manual on Rifle.) 

(J) Care of Troops. 

What should be done to protect the water supply? 

What should be done to prepare troops for marching? 

Under the head of 'Marching," state the details fiiai anould 
be arranged for, the rat« and time of march, the halts, and the use 
of water. (I. D. R., pars. 623 to 635.) 

Give the qualifications of a good camp site. 

Upon what does the health of all camps fundamentally depend? 

Sl^te the conditions affecting the health of camps. 

What are the duties of officers in connection with company or 
detachment kitchens in camp? 

Discuss the care and sanitary inspection of camp and kitchen 
latrines. 

Discuss the beat methods of ridding kitchens of flies, (I. D. R., 
pan. 661 to 677.) 
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EMPLACEMENT COURSE. 

(a) Serricft at the Emplacements. 

(1) General instructions. 

Paragraphs 203 to 217, D. R. C. A. 

(2) Bore sitting. 

Paragraphs 218 to 220, D. R. C. A. 

(3) Orientation of mortars. 

Par^raphs 221 to 222, D. R. C. A. 

(4) Mnthods of pointing, 

Paiagraph 223, D. R. C. A., and "Gunners' Inslxiio- 

(5) Pointing testa for gun batteries. 

Paragraphs 224 to 226, D. R. C. A. 

(6) Prediction t«ets for mortar batteries. 

Paragraph 227, D. R. C. A. 

(b) Gun and Carriage. 

(1) Care of guns and mortars. 

Paragraphs 434 to 451, D. R. C. A. 

(2) Adjustment of quadrant elevation device. 

S. C, A. 

(3) Settiiu; of the recoil and buffer valve. 

Ordnance pamphlets. 

(4) Testing and adjustment of friction device. 

Ordnance pamphlets and W. D. orders. 

(5) Testing firing mechanism. 

"Gunners' Instruction." 

(6) Use of pressure gauges. 

Ordnance pamphlets and S. C. A. 
(o) Ammunition. 

(1) Fil'ing and fusing projectiles. 

Ordnance pamphlets and W. D. orders. 

(2) Storage and care of ejiplosivea. 

Chapter XXV; U. R. C. A. 

(3) Inspection of smokeless powder at forts. 

Paragraphs 560 to 566, D. E. C, A. 
f4) Care of empty metallic cases and primers. 
Paragraph 406, D. R. C. A. 
(d) Fire Direction. 

(1) A detailed knowledge of the system employed at the 

battery to which assigned. 
Chapters V and VI, D. R. C. A. 

(2) Use ot the time-range board. 

Paraptiph 400, D. R. C. A. 

(3) Indication and identification of taints. n^^,-,^]^ 

Paragraphs 77 to 79, D. R. C. A. D,,.;™;.'-OOglC 
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(r) Use of the Telephone. 

(1) Instruction of operators. 

Paragraphs 367 to 372 aod 377 to 379, D R. C. A 
(/) P. ecautiona for Safety at the Battery. 

(1) Responsibility of the emplacement officer. 

Paragraphs 23t to 248, D. R. C. A., and Reminder List. 
(,g) Conduct of Target Practice. 

(1) Duties of the emplacement officer. 

Paragraphs 65 to 73, D. R. C A., Reminder Liat, and 
C. A.l. O. 
\2) Preparation of reports and records. 



Emplacb-ment Course Qui 
(a) Service at the Emplacements. 

What are the renuirements as to sponging? (119.) 

Give the signals for the following, and explain what is done for 
each; elevate, right, clamp, halt, stand fast, take cover. 

Explain the method of seating the projectile, and use of the ' 
powder tray? Why is care necessary? (D. R. C. A. and G. I.) 

Explam the methods of bore sighting and orientation of guns 
and mortars. 1^.) 

Describe in detail the differest methods of pointing, and use 
of each. f9.) 

Describe, with exainples, pointing teat (gun) and predictioD 
test (gun or mortar). (10.) 

(ft) Gun and Carriage. 

What treatment is given guns and carriages to prevent rust 
and insure their bein|; in working order? 

Explain how oil is appUed and removed from the bore. 

What is the habitual position of guns and mortars? 

Give the use of the different oils, and explain how each is 
applied. ^40.) 

Why is oil removed from the bore previous to firing? (104.) 

What treatment is given the bore and breeeh mechanism after 
firing? (103.) 

Where are grease cups found on the carriage? Name the lu- 
bricant used and the necessity for this kind of lubrication. 

How arc grease cups filled and adjusted? (37.) 

How often are mortars raised from their trunnion beds? Ex- 
plain the method of dismounting guns and mortars, and how to 
remove the piston rod. What material is used? (35, 36.) 

How is the quadrant elevation device on gun or mortar tested 
for adjustment? 

Explain bow to test the base ring for level, and make correc- 
tions therefor. 

What is a clinometer, and how is it adjusted and used? 
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How is the mortar quadrant adjusted when the clinometer doea 
not read to 45"? (33.) 

Describe briefly the recoil system and valves of the gun or 
mortar carriage, and its function. 

Describe in detail how to determine the proper netting of the 
throttling and buffer valves. 

Name the important ports of a [carriage and tbeir functionB. 

What should be done when the mortar returns to the firine 
position with too much shock? when it does not fully return? (38.) 

Explain the object of and the method of adjusting the friction 
device of the elevating mechanism of your carriage. (34.) 

Explain how to aasemble and test the firing mechanism on the 
gun or mortar. 

What are the regulations concerning the care and use of the 
firingmechanism? (29.) 

Describe the pressure gauge, give the principle involved, and 
explain how they are prepared for use. State the current reKula- 
tiona in regard to taking of pressures in target practice. (Problem 
to be solved by candidate.) (24, t06.) 

(c) Ammunition. 

Give briefly the method of filling and fusing projectiles. {23.) 

State the regulations governing the handling and stoT&ge of 
explosives. (21.) 

Explosive "D," black powder, dynamite, wet guncotton, and 
amokeless powder are all on hand at a battery; how should each 
be stored, and what precautions taken in each case? 

It is required to place in storage the following explosives: wet 

Bncotton; smokeless powder; small amount of dry ^ncotton 
t over from filUng fuse cans; explosive "D"; detonatmg fuses; 
primers; dvnamite; black powder; commercial detonators. There 
are available magaainea D and D', which are dry, and magazine W, 
which, is wet; also an isolated dry house which can be securely 
locked. Where should the different items be stored, and what pre- 
cautions should be observed in handling and pility; each? 

How should ex:i>losive "D," amokeless powder, fuses, primers, 
and projectiles filled and fused, be stored and cared for? 

Group the following explosives for storage in a minimum num- 
ber of rooms: wet guncotton; commercial detonators; smokeless 
powder; dry gun cotton; fuses; explosive ''D"; primers; dyna- 
mite; liotol; and black powder. (21.) 

Explain how to determine when magazines shall be opened 
for ventilation. Why are they ventilatedi 

What is the maximum allowable temi)erature for a powder 
magazine, and what action should be taken when this maximum 
is reached? 

It is an exceptionally warm day in early aprii^; the barometer 



i powder shJrage cases opened, sealed, and 
stored? (19,20,21.) 

(i{) Fire Direction. 
Describe the syateras of poaitioD finding. Which ia nor- 
mal? (63.) 

Give the mannii^ parties of the B. C. station, observing 
station, and plotting n '" ' 

Give tlie conimai 

lerverS and gun poili™.a, lu.u uaijici.. cami i^jimuauu. yu., 

Expkin in detail the duties of the r^)ge section when tracking 
with the various systems. (55, 56.) 

What observing and aiming points are used? (48.) 

Describe the method improvL'wd at the mortar battery tor the 
detection of excessive errors in azimulh. Describe a simple method 
in a, mortar pit to indicate an erroneous aaimuth setting. (56, Note.) 

Explain the duties of the ninge recorder or booth detail. 

Describe the time-range board and explain how it is used. (77 
and G. I.) 

Describe the method employed by the battery commander to 
insure the guns being laid on the target designated. (48.) 
(e) Use of the Telephone. 

What care should be taken in the selection of telephone oper- 
ators? Outline method to be followed in selecting them. 

What ruleg should be observed in sending and receiving mes- 
sages by telephone? 

What care should a telephone operator take of his instrument? 

E^lain how to open and close a station. (71.) 

(/) PrecautionB for Safety at the Battery. 

How long should target practice ammunition be stored in the 
service magazine before practice, and wh)| is this requiremwt? 

How are projectiles prepared for service practice? 

The maximum diameters at the rotating bands at the rear of 
six projectiles are as follows: 6.347, 6.340, 6.338, 6.34S, 6.343, and 
6.339; in your judgment, which of these should be used for trial 
shots and why? (104.) 

During tai^t practice, what precautions must be observed 
about flags or signals displayed on the shore? 

Who is responsible for all the necessary precautions oE safety 
at the batten? ■ . ■. ,| . 
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What is done to prevent injury to ear-druma? 

The emplacement officer receives orders from hia battery com- 
mander to commence firing, but he Judges the range to be unaafe; 
what action should he take? 

What are the precautions for safety at the battery? 

State in detail how the mushroom head and powder chamber 
are treated after fetch shot during service practice. Why is this 
required? 

When is the primer inserted and removed, and when is the 
lanyard hooked? 

In case of misfire by lanyard, what is done? Same for electric 
firing. (119.) 

State the regulations and safety precautions governing the 
firii^ of salutes. (84.) 

Kg) Conduct of Target Practice. 

What are the duties of the emplacement officer prior to prac- 
tice and during and after practice? (5, 81, 119.) 

Who is responsible for the safety of the field of fire at battery 
service practice? 

What are the instructions relative to amount of powder and 
projectiles on the loading platform during practice? (119.^ 

How, and by whom are deflection corrections deteimined? Is 
the pin pointer permitted to apply any deflection corrections based 
on his own observation of the fall of projectiles? 

Actual range ta target, 8,500 yards; deflection used for first 
shot, 3.50; first shot was tired and fell 0.45° to the right of the 
target. Requiredr the lateral deviation in yards and tile deflection 
for the next shot. (112, 121.) 

What is done at a mortar battery if a shot falls near the tug? 

How is the pit data used and checked? and explain a method 
of detecting azimuth errors. ill9 and 66, Note.) 

What IS the object of subcaliber practice? Explain how the 
tube is inserted and adjusted, and give the annual allowance of 
subcaliber ammunition. (100, 101.) 

At the coiiclusion of battery service practice, what report is 
submitted by the emplacement officer, how many copies are made, 
to whom is it submitted, and where is its ultimate destination? 

What data go on the battery (emplacement) officer's report, 
trial and record shots, and what provision has to be made to collect 
these data, and how are they obtained? (122, 123.) 

What preparations are neccs.'iary for service and subeahber 
practice? (10U-I11.) 
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RANGE COURSE. 
[a) Fire DirecUon. 

(!) A detailed kDowledge of all systems 
finding for mortar batteries o 
the major armament. 
Chapter V, D. R.C. A. 
(2) Indication and identification of targets. 
ParagraphB 77 to 79, D. R. C. A. 

„. _. .._ _._, _..."e, and adjustment 

of all apparatus pertaining to the fire control in- 

I Btallation of a fort. 

Chapter XXIII, D. R. C. A., and Signal Corps Man- 
ual No. 8, and C. A. M. 
tc) Telephone Service. 

0) A detailed knowledge of the use and care of telephones. 
Paragraphs 367 to 372 and 377 to 379, D. R. C. A., 
and Signal Corps Manual No. 8, 
<2) A general knowledge of the testing of service telephones. 
Paragraphs 373 to 376, D. R. C. A., and Signal Corps' 
Manual No. 8, 
((j) Elementary Gunnery. 

(1) Explanation of the corrections to be applied to the ob- 

served range to obtain the correctoa range. 
Chapter XXUI, D. R. C. A., and S. C. A. 

(2) Effect on the flight of the projectile of variations in the 

density of the air, the direction and velocity of the 

Chapter XXIII, D. R. C. A., and S. C. A. 

(3) Use of trial shots. 

Chapter XXIII, D. R. C. A., and C. A. I. O. 
(e) Signals. 

(1) Knowledge of the system employed between tug and 
shore during Coast Artillen' drill and target practice . 
Reminder List and "Shore-Tug Signaling." 
(/} Conduct of Tareet Practice. 

(1) Duties of the range officer. 

Paragraphs 57 to 64, D. R. C. A., Reminder List, 
and C. A. I. O. 

(2) Preparation of report and records. 

Range Coursb Questions. 
(a) Fire Direction. 
Describe the various systems of position finding. What sta- 
tions and commands are required in each system, and what fire 
control apparatus are required in each station. (93, 63, 44.) 
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Prepare a manning table for the following; battery com- 
mander's station; plotting room; observing station; emergency 
station. (T.) What are salvo points? When and how are they 
used? (60.) 

What are the responsibilities of the range officer at drill, prac- 
tice, or action, and what inspection and rejiort does he make before 
the commencement of drill, practice, or action? (81, 103.) 

What is done when the time-interval bell tails to work? (5?, 
Note.) The B. C. instrument is how used in Cases II. and III.? 
(5S, 121.) 

Name the fire control equipment in the plotting room of your 
battery. (44.) 

How many kind.f of travel are determined in a plotting room, 
how are they determined, and when are they used? (65.) 

What is done to shift from horizontal to vertical base? 

Define predicted and act-forward points and explain how they 
are determined. 

What is meant by "corrected range"? How is it obtained 
and used when tracking with horizontal base, vertical base, and 
emei^ency system? Give duties of all personnel. (5S,56.) 

What is meant by emergency system, and when is it used? (63.) 

Name two methods by which a target may be indicated by 
the battery commander to the ooacrvcrs at B' and B". 

How can the battery commander determine it the observers 
are on the same target? 

Give commands tor indicating and tracking a target to ob- 
servers and gun pointers, and explain each command. 

What observing and aiming points are orchnarily used? (48.) 

(b) Fire Control Apparatus. 

Describe the gun deflection board, and explain its operation 
both in Case 11. and Case III. 

Explain how a deflection correction, based en the fall of a 
shot, is determined and applied. (4S, 112.) 

Describe the mortar deflection board, and CTtplain its operation. 

Describe the battery commander's observing instrument. How 
ia it adjusted, and when and now is it used? (45, 57, 121.) 

£>^lain how to test a plotting board to determine if it is in 
adjustment tor azimuth and range. 

What is the diagonal scale on the plotting board, and when 
is it used? 

What graduations appear on the mortar arm and on the 

Describe briefly the various steps in orienting and adjusting 
the plotting board (gun or mortar). 

Describe the Whistler-Hearn plotting board. 
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Explain how to cheek the mechanical accuracy of the plotting 
board by use of the three hypothetical points. 

A plotting board is r^t-handed; the azimuth of B" from B' 
is 89.68°: what is the arimuth of the normal of the board? (52.) 

Explain the adjustment of the D. P. P. (Lewis or Swasey) for 
range and azimuth. 

Give the observer's test, using D. P. F. What accuracy is 
expected? (67, 6S, 60.) 

Explain how to set up and adjust the azimuth instrument so 
that it will indicate coirect azimuths. (61.) 

Where are time-interval bells installed? Explain the time- 
interval system. (76.) Operate and explain wmd component 
indicator. (72.) 

What changes are necessary in the plotting room apparatus to 
change from service to subcaliber practice? ( 1 00.) 

Describe the atmosphere sUde rule; explain its use. (42.) 

Describe the rai^ board; explain the adjustments necessary, 
and its operation. (67.) 

Describe the wind component indicator; explain its use. (72.) 

Describe the time range board, or chart; explain its use. \J7.) 

\c) Telephone Service. 

State the rules to be observed by operators in receiving and 
sending messages over the telephone; give examples, sending range 
and azimuth. 

How does an operator open and close his station? 

Mow are telephone opo^tors selected and tested? 

What care should be given a telephone? 

Draw a sketch showing the circuits of a telephone system. 

Name the parts in a telephone and state the object of each. 

What is the function of the retardation coil? 

Give the tests of a telephone which can be made without any 
apparatus other than those found in any fire control station. 

Name and describe the t«et a telephone operator is eiqiected 

'''! ■ 

thee 

(d) Glementaiy Gunnery. 

Enumerat« the corrections that must be applied to the ob- 
served range to obtain the corrected range; state by what piece of 
apparatus each correction is made. 

What elements enter into a range correction, and from what 
source are the data for each derived? 03 and Chap. V.) 

How is the range correction made for mortars? how tor guns? 
(13, 113.) Define "danger space correction" and how applied. (16.) 



' Examinations foT Ojfficers. 129 

What use is made of the baroioeteT and thermometer readingB, 
and how are they applied? (13.) 

What ia the daily message, and where does it come from? (81 .) 

Assume the center of impact of a scries of trial ahota is 100 
yards "over" the target; when this error is applied to the range 
board will the teaulting record shot velocity be greater or less than 
the assumed trial shot velocity? (14, 67.) 

-The average lateral deviation of a series of trial shots is 0.35° 
to the right of the tai^t; how is this information used to correct 
the deflection for record shots? Will it be an additive or subtract! ve 
correction? (14, 112.) What is a mil? (123.) 

Trial shots are fired (12-iiich) on following data: actual range 
of target, 7940; atmosphere reference number, 16.80; wind refer- 
ence number, 46,0; tide, 0; velocity, 2352; corrected range sent 
to guns, 73S0. Using range board, verify the corrected range as 
sent to the guns. (67.) 

- Result of four trial shots: No. 1, +64; No. 2, +29; No. 3, 
+82: No. 4, +3 yards. Required: (1) Wnat difference in range 
will. be osed for entering the range board to determine velocity for 
record shots? (2) Using range Board and murzle velocity chart 
determine velocity for record ahota. (14. 67.) 

Note. — If oa ruiEe boud is avsilstde, eiplaiD In writini how lb* Takni^ 
IS dBtanuinBd foe reoonT 

Three .trial-shots are fired: the center of impact is 8500 yards; 
the aiming point was at a range of 8900 yards, (a) What instru- 
ments are used in determining uie velocity developed bv trial shots? 
(6) Was the velocity assumed for the tnal shots too low? {c) If 
the temperature of the powder chai^^ before the record ahota are 
fired, what correction will be necessary? (14, B7.) , 

Explain the use of the muzzle velocity chut. (48.) 

How many ^nea are there for mortar service and aubcaliber 
practice? What is an overlap? Give its extent. (8.) 
(e) Signals. 

Describe the method of signaling between tug and battery. 

For service practice and drill, how ia communication between 
shore and tug habitually established, and what are the several 
signals used? Signals regarding range refer to tug or target? 

How does the towing vessel ai^uiowledge signals? (80.) 

State the use of the red Sag used on me towing vessel and at 
the battery, in connection with service and subcaliber practice. (86, 
119.) 

(/) Conduct of Target Practice. 

What are the duties of the range officer before, during, and 
afterpractice? (81, 103.) 

Explain how the data for trial shots are determined, and how 
they are located on the plotting board, (111, 112.) 
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Explain the method of plotting splashes for the determination 
of hits. (114, 11G, 116.) 

At the conclusion of battery service practice, what target prac- 
tice report is submitted by the range officer? how many copies 
are required? to whom are they submitted? and where ia ita ultimate 
destination? (122.) 

What data are contained on the report submitted by the range 
officer? and how is each obtained? (123.) 

What is done bv the range officer, as regards the plot for service 
practice, immediately after the practice? (114.) 

Who determines the range and deflection corrections in service 
practice, and how is it dune? (121.) 

BATTERY COMMANDER COURSE. 

(a) Company FormAtions and Marching Maneuvers. 

Chapter III, D. R. C. A. 
(6) The Battery Conunond. 

Chapter IV, D. R. C. A. 
(e) Fire Direction for Batteries of the Annoment to Which Assigned. 

D. R. C. A. 
(d) Conduct of Target Practice. 

(1) Duties oi the battery commander. 

Chapter XVI, D. R. C. A., Reminder List, and C, 
A. I. 0. 

(2) Trial shots. 

C, A. I. O. and C. A.M. 

(3) Information obtained from range tables. 

(4) Preparation gf reports and records. 
(el Care of Materiel. 

Chapter XXIV, D. R. C. A. 
(/) Coast Artillery Inspectton. 

Chapter XX, D. R. C. A. 
(n) United States Army Regulations. 

(1) Company administration. 

Article XXX (Edition ot 1913). 

Battery Commander Course QuBanoNs. 
(d) Company Fonnations and Marching Maneuvers. 

State in detail how a company is formed for arti^ery drill. 

Prepare a diagram showing in detail the positions of the <rfG- 
cers, non-commissioned oRicers, rated men, sections, and details in 
a company when it is formed preparatory to marching to the 
battery. (78.) 

Explain how to post the sections, (80.) 

What reports are mode to the battery commander, and by 
whom are they made? 
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The variouB sections having arrived at their poata, what ex- 
aminations and inspections are made, and what reports are ren- 
dered? (81.) 

Explain how an inspection (artillery) in ranks is conducted. 
(79.) 

Give commands for: (1) Marching a company to and from 
the battery; (2) posting the details and sections; (3) discontinuing 
drill and returning the company to rts quarters. (80.) 

(b) The Battery Command. 

Give in general terms the battery commander's responsibilities 
with respect to the efficiency of the personnel and mat^nel. (5, 82.) 

In case one base-end station goes out, what action does the 
battery commander take in order to continue his battery in action? 
{,93, 100.) 

Under what conditions is the battery commander authorized 
to modify the manual of the piece as prescribed by D. R. C. A.? 

Under what conditions is the battery commander auti>orized to 
make temporary changes in the fire control installation? What is 
the procedure for using a new device at the battery? (5.) 

How should observers for D. P. F.s be selected? (57.) 

For what are emplacement and range officers responsible to 
the battery commander? What are their duties preparatory to 
drill or practice, and also after? (5, 81 .) 

What are the duties and responsibihties of the plotter, gun 
commander, gun pointer, and mechanics, before and during drill, 
and also after drill? (S, 81.) 

Give all commands, from the battery commander down, to 
discontinue drill. (81, 93.) 



(c) Fite Direction for Batteries of the Armament 
to Which Assigned. 

Exjtlatn the different systems of range finding, and stations 
and equipments necessary for each. 

Describe what may constitute an auxiliary base. 

Draw a diagram showing the following; bat(«ry of two guns 
(or two pita of four mortars each); horizontal base; battery com- 
mander's station; auxiliary base; emergency base; lines of com- 
munication. (63, 44.) 

Prepare a manning table for the following: battery com- 
mander's station; plotting room; observing station; emergency 
station. (7.) 

Give commands for indicating and tracking taints, and explain 
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What observing and aiming points are used? 

Give the commands 6f the B. C. (1) for tracking by horiaontal 
base; (2) for chaMing to vertical base at B'j (3) for changing to 
vertical base at B ; (4) for changing to auxiliary base system ^B' 
or B"); (5) for changing to emergency syetem; (6) tor contiDuing 
tracking by horirontal base when B is destroyed; (7) for con- 
tinuing tracking when the battery commander's station is destroyed. 

How may a battery commander assure himself that the ob- 
servers and gun pointera are on the same target? (48, 93.) 

A battery commander receives the following command from the' 

firecommander: "Target (name of suWea in battle uea) 

■ Battleship Division, Line Ahead, Ship No. 1, Comiuence 

Firing"; give the commands which will enable the battwy com- 
mander to (1) open fire with armor-pierciiM shell; (2) continue fire 
after damage to B'; (3^ continue hre after damage to B. C. station; 
(4) continue fire after damage to B". (93.) 

What is done in the B. C. station and pit to guard against 
errors in azimuth? (66.) 

Explain the dvrtiea of each member of the range section when 
tracking by horizontal base, vertical base, and emergency system. 
(55, 56, 57, 63.) 

What different kinds of travel are there? Explain how each 
is determined. (55, 56.) 

When and by whom is the signal for firing {gun or mortar) 
given? (9, 56.) 

When is the command "Relay" given the guns or pite? (56.) 
(d) Conduct of Target Practice. 

What inspections are requited to be made by the battery 
commander before, durii^ and after Ijattery serveice practice? 

To what materiel should the battery commander pay special 
attention prior to service practice? (103.) 

What special precautions are taken preparatory to night service 
practice? (119.) 

What is the aiuiual allowance of service and subcaliber am- 
munition for the battery to which you are assigned? (105.) 

Name the different kinds of subcaliber practice and state the 
object of each. (100.) 

In case of misfire during service practice, what should be 
done? (119.) 

Upon whom does the responsibility for the safety of the field 
of fire rest during battery service practice? (119.) 

What range and deflection corrections may be made from ob- 
servation of fire, and how is each determined? (121.) 

Discuss and explain compound blending of powder. (20.) 

State the regulations as to sponging when firing service aad 
blank ammunition. (119, 04.) 
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Discuaa the subject of trial shots at battery service practice 
under the following heads: object, kind Of target, range used at 
battery to which asaigned, observing splashes and determining cor- 
rectionH therefrom, and number of pieces used, (14, 111, 1120 

What are the requirementfi regarding the taking of pressures? 
(24, 1C6.) Solve problem demonstrating use. (24.) 

What are the different quantities that enter the figure of merit, 
and how and where ia each obtained? (118.) 

Assume data and explain by a sketch the method of plotting 
and determining hits for the guns or mortars to which aasignea. (1'7,) 

At the conclusion of battery service practice, what reports are 
submitted by the battery commander, how many copies are made, 
to whom are they submitted, and where is the ultimate destination 
of each? (122.) 

For what reasons may "time out" be allowed? (118, 120.) 

What are the hmitations imposed by regulations upon ran^H 
and the course of the tat^et for all practices at the battery to which 
assigned tor the current year? (121.) 

Explain the several penalties that may be imposed by the 
umpire. (120.) 

Describe the record targets for guns (or mortars). (115.) 

What data not indicated on Form 819 is required? {123.) 
(e) Care of Mattel. 

Define: In service; out of service; in vommission; out of 
commission. {Give examples,) 

Name the oils and state the purposes of each. 

State in general terms the parts of guns and carriages that are 
paint«d, the color used, and the parts that are kept free from paint. 

Describe the methods and materials used in cleaning bores of 
guns and mortars, both before and after firing. 

What is the habitual position of guns and mortars when not 
in use? 

Discuss the care of the following: guns and carriages in daily 
use; guns and carriages not in use; telescopes; dummy projectiles; 
firing mechanism. 

How is paint removed? 

What are the regulations governing the marking of guns and 
emplacements? (40.) 

How are empty cartridge cases and primer bodies cared for? 
II8, 102.) 

How are recoil cylinders cleaned., and how often? (36.) 

How is the gas check pad treated and adjusted? (2S.) 
(f) Coast Artitleiy Inspection. 
a battery inspection by a field officer, giving all com- 
' ■ ' uld be given. 
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What toUtine inspections are required of a battery commander? 
What procedure ia followed to correct detects of mat eriel? {83, 6.) 
(g) United Stetes Aimj Regulations (Article XXX). 

STAFF OFFICER COURSE. 

{a) Duties of the Communication Officer. 

Chapter XVII, D. R. C. A. 

ib) Duties of the Personnel Officer. 

Chapter XVIII, D. R. C. A. 

(c) Duties of the Mattel Officer. 

Chapter XVIII, D. E. C. A., and C, A. M. 

(d) Searchlights. 

ll) Care and operation. 

Chapter XXI, D. R. C. A., Artillery Notes No. 32. 
f2) Tactical use. 

Chapter XXI, D. H. C. A. 
le) Means of Communication. 

(1) Test of the telephones. 

Chapter XXII, D. R. C. A., and Signal Corps Manual 
No. 8. 

(2) Shore-tug signaling. 

Reminder List. 
If) United States Army Regulations. 

(1) Duties of ftaff officers in connection with the transporta- 
tion and supply of trooiia en route and while in camp ; 
transportation requests and ration returns. 

Staff Officer Course Questions. 
(a) Duties of the Communication Officer. 

What are the duties and responsibilities of the communication 
officer on manning the stations and during <lrill and practice? (5.) 

Give the manning parties and equipment tor tlie fire com- 
mander's stjition. (7.) 

Give all commands for discontinuing drill through the fire 
command. 

Give commands for assigning target to (1) Battery Parrott; 
(2) to all battery commandera. What are the different orders of fire? 

What is "Fire commander's action" and "Battery command- 
er's action," and when is each given? (93.) 

What inslruments are in the meteorological and tide sta- 
tions? (44.) 

(b) Duties of the Personnel Officer. 

State the duties and responsibilities of the personnel officer on 
manning stations and during drill and practice. (6.) 
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Give the manning party and equipment for a fort command 
station. (7.) 

Give commands for assigning target to (1) first fire command; 
(2) all fire commands. (93.) 

What reports are received in a fort command station when 
opening station, and what instructions are given? (81.) 
(c) Duties of the Materiel Officer. 

What are the duties of the materiel oflScer both before and ■ 
during drill? Where are the sources of the doily message? 

Where is the station of the communication, personnel, and 
materiel officers? (5, 90.) 

(d) Searchl^hts. 

What are the standard searchlights in the service? (90.) 

Where is the searchlight officer's station? 

Give the manning party for each of the following: searchlight 
operated by central plant; by local steam plant; by local internal 
combustion engine. 

What care should be taken of carbons to insure effective service? 
~' What is an orientation table, and for what purpose is it used? 

By means of what equipment in the searchlight officer's station 
. does he control his lights? 

Show by sketch what is done to spread or contract the beam? 

Depending on their tactical use, how are searchlights classified, 
lu what other way are they classified? (90.) 

Give the auproxiniate ranges at which a 36-inch light and a 
60-inch light will illuminate a ^p, painted navy gray, sufficiently 
well to permit tracking by the horizontal base system, under normal 
atmospEieric conditions. 

What report should be made when it is necessary to change 
carbons in a searchlight, and why? 

Kxplain how a searchlight is put in action. IIow out? 

Discuss the collective use of searchlirfits; the individual use. 

What are the qualifications of searchlight personnel, and who 
trains them? When are illuminating and searchlights put inaction? 

Discuss fully and in detail the general requirements which gov- 
ern the location and tactical use of searchlights acting in connection 
with fixed defenses, (90.) 

Name the principal parts of a searchlight and explain the func- 
tions of the training and lamp mechanisms; state the shape and 
material of reflectors, the successive steps to replace carbons of a 
light in action, and describe the care of searchlights. (90-) 

What are the regulations about searchlight beams coming on 
boats not provided for artillery purposes? 

What is the object of; (1) battery night drill; (2) fire and fort 
command night drill? How is each conducted? (92.) 
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A searchlight officer gives the following command to No. 5 
light: "Five, Raise." Is this command correct? If bo, what doe. 
the light do? If not, esplain and write the command correctly. 
The hght is aaaumcd to be in action when the command is given, 

The command "Elevate" having been given to a searchlights 
by what command is the light again brought to the horizontal? 

Explain what is done at the command "Search"; "Search 
Right"; "Search Bonita." Why is the command "Uncover" 
necessary? ■ 

Wherein are the following commands incorrect, if so; "Num- 
ber Two in Action, Search iGght, Halt, Cover, Follow"; "Three 
in Action, Search Buokroe Cover, Follow"? 

What IB done at the following commanda: "Two Out"; "Two, 
Cover Three"; "One, Search"; "One, Azimuth 275": "Two, 
Elevate"? (9t, 93.) 

(e) Ueans of Communication. 

How are telephone operators selected? (71.) 

EKplain how to open and close a station. 

What are the rules for sending and receiving messages? Hon 
are the foUowing aentt 4000; 5120; 4500; 231.10? 

Enumerate the principal troubles occurring to telephones, and 
explain how to determine and locate each. 

How is the telephone cared for? 

Show by diagram the different circuits of a telephone. . 

Name the different parts of a telephone, and state the functions 
of each. What are common, local, dry, and storage batteries? 

What are retardation coils for? 

State the principle of a telephone. 

Name the different kinds of telephones in the service. 

What two classes of telephones are tiiere? Name and briefly 
describe each. AVhat is a comjHisite telejihone? (71.) 

Describe brieBy the standard night visual signaling equipoient 
(acetylene lantern) furnished by the signal corps. (89.) 

Describe the different methods of visual night sipialing. 

What are the signals habitually used between shore and tug in 
tai^t practice, and how are they communicated? 

Wliat are the local means of signaling between tug and shore 
in the artillery district to which you are assigned? (86.) 

Give the letteis of the alphabet and the numerab from 1 to 10, 
inclusive, of the general service code. (87.) 

How may the battery flag be used in service practice? in sub- 
cahber practice? (86, 119.) 

(/) United States Army Regiilaliona. 

What are the duties of staff officers in connection with the 
transportation and supply of troops en route and. whij;; ijo. camp; 
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FIRE AND FORT COMMANDER COURSE. 

(a) Generttl Principles of Coast Defense. 

Chapter I, D. R. 0. A., and S. C. A. 
lb) Assignment of Personnd. 

Chapter H D. R, C, A. 
(c) Duties of the Fire Commander. 

Chapter XVII, D. R. C. A., and C. A. I. 0., and Reminder 

id) Duties of tlie Fort Commander. 

Chapter XVm, D. R. C. A., and C. A. I. O., and Re- 
minder List. 
(e) Conduct of Night Drill. 

Chapter XXI, D. E. C. A. 
(/) Coast Artillery Inspection. 

Chapter XX, D. R. C. A. 
(g) The Coast ArtiUeiy War Game. 

(1) A genera! kiiowledge of its object and methods. 
"Coast Artillery War Game" (Chamberiaine). 
{hi Conduct of Taieat Practice. 
tl) Duties of umpire. 

C. A. I. O. and Reminder List. 
{2) Analysis of firii^. 

Artillery Notes No. 38. 
{i) TIm Coast Defense Command. 
Chapter XIX, D. R. C. A. 
(J) United States Anny Regulations. 
(1) The Coast Artillery Corps. 

Article XXXI (Edition of 1913). 
^2) The Organizipd Militia. 

Article XLIV (Edition of 1913). 

Fire and Fort Commander Codrse QneanoNa. 
(a) General Principles of Coast Defense. 

By what troops are the permanent fortifieations of the United 
States manned? 

What troops 

Discuss what military preparatioi 
defense of the seacoast. 

What two general classes of troops are called for by the scheme 
of coast defense, and what are the functions of each? 

In the general scheme for the defense of the coast, what are 
the functions of (1) the coast artillery troops; (2) the coast artillery 
supports; (3) the coast guard; (4) the mobile army? (1.) 

Discuss the considerations which govern the selection of points 
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Name those elements of permanent fortifications necessary for 
the effective service of the annament by day and night. (4.) 

What guna constitute (1) the major armament; (2) the inter- 
mediate armament; (3) the minor armament? ' What ia the role 
of each? 

What two classes of armament are employed in coast de- 
fense? How docs the caliber determine the claiifiealion? - (3.) 

Discuss the diflerent forms of naval attack against a fort. (2.) 

What is coast defense, and what miUtary preparations are made 
on land for it? (I.) 

What are the units of the tactical chain of coast artillery com- 
mand? Explain briefly the function of each unit. (4.) 

Diacusa the relative viilue of guns ashore and afloat. (S9.) 
(5) Assignment of Personnel. 

Give the manning table for: fort commander's station; fire 
commander's station. 

What manning tables are required to be kept in the various 
stations of a coast defense command? Who makes them, and where 
does the personnel come from? (6, 7.) 

Draw a diagram showing the various units in a coast defense 
command, with staEFs and assistants of each commander. (5.) 

What governs the assignment of companies to batteries, and 
officers to the various units of command? (4, 5.) 
(c) Duties of the Fiie Commander. 

Prepare a manning t^le for the fire control system of a fire 
command. (7.) 

Give two methods by which a target may be indicated by the 
fire commander to a battery commander. {48, 93.) 

What are the duties and r^ponaibilities of a fiie commander? 

What are the responsibilities of the fire commander before, 
during, and after practice, including any action necessary in regara 
to reports? 

What action should a fire commander take when he receives 
the command "Fire Commander's Action"? (5, 81.) 

What constitutes a fire command, and what considerations 
should govern the grouping of its components? £4.) 

What is meant by restricted and unrestricted brel (S.) 

What commands should a fire commander give: 

For Battery Parrott to fire one shot from one gun? (93.) 
To open fire with Battery Parrott as soon as a previously 
assigned target reaches 7500-yard range? 
To cause Battery Parrott to fire at five-minute intervals? 
To fire with battery Parrott successively at a division of 
ships from head to rear in column? 
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To require all guns of a battery to be loaded and held 
ready for action? 
To turn over the action to the battery commander? 
, To fire at target illuminated by searchlight No. 7? 
To designate a buoy as a fixed target, and order a ranging 
shot fired at same? 

To assign as a target a division of dreadnoughts to the 
eastward of the battery, but not further restrict the initiat- 
ive of the battery commander? 

To require a pit salvo every three minutes at the leading 
ship of a bombarding division? 

To have all batteries ready to open fire instantaneously on 
the leading vessel of a division coming in the main channel? 
80 that Batteiy Parrott will open fire upon the starboard 
ship of tour battleships in line and Will change, without fur- 
ther command, to the second, third, and fourth ships in sue- 
cession as each ship in turn becomes disabled? 

So that two out of three batteries will fire at the leading 
ship of a single column of battleships? (93.) 
(d) Duties of the Fort Commander. 
In what manner and by what command does the fort com- 
mander order unrestricted fire? 

Give the commands to put in action (l) one fire command; 
(2) two out of three fire commands; (3) all fire commands. (93.) 

How is the action of a fire command placed entirely in the hands 
of its fire commander? (93.) 

Of what does a fort command consist? (4.) 
Discuss the tactical and the administrative duties of a fort 
commander. 

What are the duties and responsibilities of a fort commander? 
What are general defense plans, and by whom are they prepared? 
Under what conditions may a fort commander modify the 
prescribed manual of the piece? (5.) 

Give the personnel constituting the' fort command manning 
parties. (7.) 

What conditions must be considered by a tort commander in 
arriving at an estimate of the situation preliminary to committing 
bis command to action? (2, 5.) 

(e) Conduct of Night DiiU. 
What is the general inject of night drill? 
How many mfferent kmds of night drill are there? State the 
object of each. What personnel attends each? 

What ejjould be done by the fort commander to prepare his 
command for use at night? 
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(f) Cout ArtiUei; Iiisp«ctioii. 

In making an inspection of a b(ttt«ry, what equipments, im- 
plement, and parts of guns, carriages, and emplacements should 
receive special attention? (83.) 

Describe an artUlery inspection of a fort command station, and 
name the apparatus that requires special attention. What action 
should be taken to ascertain if the personnel of the station was 
efficient? 

Prepare a list of the principal items to be noted in a fire com- 
mander s inspection ot his command. 

Discuss luUy and in detail the conduct of an " artillery inspec- 
tion" so far as it relates to batteries and accessories thereto, and 
give all commands. (83.) 

(?) The Coast ArtiUery War Game. 

What is the object of the coast artillery war game? Describe 
briefly how it is played. (See pamphlet on "War Game.") 
(A) Conduct of Ta^et Practice. 

What are the duties of the umpire at service target practice? 

What penalties may be imposed by the umpire at service 
practice? (120.) 

What are the duties and responsibiUties of the fort commander 
and the fire oommander in connection with service and subcaliber 
practice? (119.) 

Name the different kinds of subcaliber practice, and state the 
object of each. (1 00.) 

With whom does the responsibility for the safety of the field of 
fire rest at battery service practice? (119.) 

What flags or signals are displaj^ on shore during target 
practice? (119, 86.) 

What is the object of trial shots? Discuss how they are ob- 
served and plotted, and the data taken from them, and how it is used. 

What persons are allowed in a fire control station during service 
practice? (119.) 

State tne meaning of the several quantities entering into the 
computation of the figure of merit for gun or mortar. (118.) 

What inspections of breech and firing mechanisms are re- 
quired? {103.) 

Why should the bore be freed of oil before firing? {1C4.) 

In action would more shot than shell be used, and why? 

Why have rotating bands been widened? (22.) 

What is the present tendency in the development of a type 
powder charge? Why is a change desirable? (19.) 

Describe the operation <rf the fire commander's plottine 
boaid. (53.) 



Examinations for C#c^s 141 

(i) The Cout Defense Comnund. 

How is the artillery coast defense command estabhahedT (4.) 

What constitutes the personnel of coast defense command 
headquarters? 

What is an artillery district? 

What rated positions are prescribed for coast artillery organ- 
isations? 

How ia the eUgibiUty of candidates for such positions de- 
termined? 

By whom and in what manner arc the appointments to such 
positions made? 

What non-commissioned staff officers are authorised for the 
Coast Artillery? (4.) 

What are the duties of a coast defense commander? {8, 119.) 

Who convenes analysis boards, and what are they for? 
(j) United States Armj Regulations (Article XLIV). 
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CHAPTER xm. 
EXAHIHATIONS FOR RATED POSITIOHS. 

Theae examinations are oral and begin on the second Wedneeday 
of F^niary, May, and November of each year. Only 1st class 
gunners or men who have once qualified as such are eligible. For 
regulations governing appointments, sec 0. O, No. 22, W. D., 1914 ; 
G. O. No. 2, W. D., 1910; and D. R. C. A., 1914, page 196. 

The allowance of rat«d men for each company is as foUows; 
Gun company, one plotter, one observer lat class, one observer 
2d class, two gun commanders, and two gun pointers; mortar com- 
pany, one plotter, one observer Ixt class, two observers 2d class, 
and three eun commanders. Men in excess qualifying are carriea 
on qualified lists tor three years. 

NOTE.— (Questions in bold-face type were used in the oral 
eiaminalions in Februaiy, May, and November, 191B. Numbers 
after questions are references to paragraphs of text. 

GUN COMMANDER AND GUN POINTER. 
fa) DefinitionB, D. R. C. A. 
(b) Gun and carriage. 

(1) Nomenclature, purpose, and action of several parts. 

Ordnance pamphlets and "Gunners' Instruction." 

(2) Packing stufiing boxes and cleaning recoil cyhnders. 

Ordnance pamphlets. 

(3) Adinatment of quadrant elevation device. 

Ordnance pamphlets and S. C. A. 

(4) Adjustment of sight stand^^. 

Paragraphs 218 (« 230, D. R. C. A. 

(5) Setting of recoil and buffer valve. 

Ordnance pamphlets. 

(6) Care and adjustment of the gw check pad. 

Paragraphs 456 and 457, D. R. C. A., and "Gunners' 
Instruction." 

(7) Adjustment of elevating gear. 

Ordnance pamphlets and S. C. A. 

(8) Adiuatment of grease cups. 

Paragraph 444, D. R, C. A., and "Gunners' Instruc- 

(9) Care and test of firing mechanism. 

"Gunners' Instruction." 
(10) Care and preservation, including care of hand 
counterweights, oiling, and painting. 
Chapter XXIV, D. R. C. A. 
14a 
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S. C. A. and C. A. I. O. 

(2) FiUine and fusing projectiles, 

OrdnaQoe pamphlets. 

(3) Painting projectiles. 

Ordnance pamphiets and "Guiftiers' Instruction." 

(d) Preparation for Service or Snbcaliber Practice. 

Chapter XVI, D. R. C. A. and C. A. M. . 

(e) Service of the Piece. 

(1) Duties of each member of the gun section under all 

D. R. C. A. ' 
(/) Precautions for Sofetv at the Battery. 

Chapter XVI, D. ft. C. A. and C. A. M. 
(p) Pointiiw. 

(1) Methods of pointing and pointing tests. 

Paragraphs 223 to 227, D. R. C. A. 

(2) The telescopic sight [the quadrant for raortars). 

Paragraphs 396 and 397, D. R. C. A., and "Gunners' 
Inatruction." 

(3) Emet^ency system and salvo points. 

Paragraphs 74, 86, 92, 761 to 763, D. R. C. A. 

(4) Bore si^tmg and orientation. 

Paragraphs 218 to 222, D. R, C, A. 
(A) Regulations Governing Service and Subcaliber Practice So Far 
as They AfFect the Service at the Emplacements. 
Chapter XV., D. R C. A. 
({) Mounting and Dismounting Guns and Carriages. 

Ordnance pamphlets. 
(j) Characteristic Features of the Several Classes of Warsfaips, 
General Knowledge of Local Shipping, of Channels Lead- 
ing to the Harbor, and of Ranges to Prominent Fiied 
Objecta in the Field of Fire of the Battery. 
"Gunners' Instruction" and local harbor chart. 

Gun Comuander and Gun Pointer Examination Questions. 
(a) Definitions. 
Define: battery: caliber: gun (or pit) commander; gun 
pointer; charge; ealvo; loading platform; angle of departure: 
angle of fall; azimuth of a point; azimuth dilTereitce; danger space; 
directingpoint;'drift; deviation; range difference; rim base; fillet; 
reference number; predicted point; gun difference; line of impact; 
superior *Blope; aiming; aiisof bore; blending; bore; bourrelet; i 
reeled range; deflectionj laying; comiter-recoil buffer; fuse; rai 
set-forward point; datum point. (D. R. C. A., Chapter XXVI.) 
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(b) Gun and Carriage. 

On wh&t does the racer turn, and how is this part cleaned and 
lubricated? How are traversing rollers inspected and cleaned? (31 .) 

Name the parts of the breech mecnanisin, and describe the 
operation of closing breech, (Z6, 27, 28, 31, and G. I.) 

What is used la stuffing boxes, and how are the; unpacked, 
packed, and adjusted? (39.) 

Eqdain a method of cleaning recoil cylinders at your battery. 
(36.) Give noraenciature and function of important parts of 
carriage. 

How is the quadrant elevation device (gun or mortar) adjusted? 

What is the use of the clinometer, and how ib it tested? 

Ex^ain how the base ring is tested for level, and liow the 
corrections are applied therefor. (33.) 

Explain how the ^ght standard is adjusted. 

Describe the operation of bore Eighting a gun or mortar. 

Describe a method of orienting at your battery. 

Explain a method of adjusting gun and siglit to proper relation 
in azimuth. What is tliis adjustment called? (32.) 

, What is' the function of the equalising pipe, and what may 
be done in case of injury to it? 

If a mortar does not go fully in battery on count«r-recoil, 
what is done? 

Explain the object and action of the throttling and buffer 
valves, and how tlie proper setting b determined; the action of 
the counter-recoil buffets; how the energy of recoil is taken up; 
what to do if the gun does not go fully into battery, or rebounds; 
and, briefly, the action of the carriage when the gun is fired. (38.) 

Ez^am kow the gas check pad is treated and adjusted. What 
is It made of? (26.) , 

How and when is the bieecb mechanism dismantled? (27.) 

What dence prevents the shock of discharge from injniing 
the elevating gear, and how is it adjusted? (34.) 

Explain how to fill and adjust a grease cup. (37.) 

Ei^Iain how the firing mechanism is attached and tested for 
safety. Name and describe function of jiarts. (29, lt9._) 

Under "Care of Carriage" mention the parts to which special 
care should be given, and the care given to each. 

Name the oils furnished and tl:e purpose of each. (40.) 

After firing, how are the following cleaned: bore; breech- 
block, subcsliber tube, bore after suhcaliber practice? (103, 108.) 
(c) Powders, Projectiles, Fuses, and Primers. 

How arc drill primers loaded? how treated after firing? 

Explain how to blend powder and remake charges. 

Describe the shovel and cycle method of blending. Why is 
powder blended? What is compound blending? (20). 
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With what are A. P. and D. P. Bbell filled? Explain brieflj 
the method of filling and fuslt^; them. Object of base cover? (230 

How are the projectiles marked so bb to indicate: the metal 
of which made; the bursting charge; whether or not filled and 
fused? What is the base cover for? (22.) 

Explain why a combination primer can not be fired by eleo- 
triciW after it haa failed by lanyard. (18.) 

Trace out oq your carriage tiie electric firing cilvuit, the parts 
it goes through, and where it is broken. (31.) 

{d} Preparation for Service and Subcaliber Practlc«. 

How is the bore prepared for firing, and why7 

What treatment 19 given projectiles for target practice? (104.) 

Exidain how to adjust the subcaliber tube. Wlutt is its caliber? 
(101, 22.) 

What preparations are made for service and subcaliber practice? 
(100-108.) 

Conaidering target practice, when should the breechblock iM 
dismantled, and why? (103, 108.) 

(e) Service of the Piece. 

Give the manning table for a gun or mortar section. 

Tabulate the duties of each member of the gun or mortar 
detachment at the commands: "Details Posts"; "Examine Gan" ; 
"Load"; "Cease Firing." 

What ia done at the command "Relay"? 

What are the duties of the gun commander as regards the 
range at which the gun is fired? (G. 1.) 

Show by a diagram how the time-rauge board is used. (77.) 

When is the primer inserted and removed, and lanyard hooked? 
(119.) How can you tell the three different primers? 
(/) Precautions for Safety at the Battery. 

Explain oU safety precautions attended to by the gun or pit 
commander. 

What is done in case of misfire (1) by lanyard, and (2) by 
electricitj-? 

Durinff service practice, a piece is loaded and ready, when the 
command Cease Firing" is given; what safety precautions are 
taken? 

What safety precautions are necessary in blending powder? 

What is done to protect the ear-drums from injury? (119.) 
(g) Pointing. 

Explain the pointing test (prediction test for mortars). (10.) 

D^cribe the telescopic sight (or quadrant) at your battery, 
how it is applied to the gim carriage, and its admstments and use. 

Give the methods of pointing; define and explain each, and 
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A tai^et is moving across the field of fire from liEht to left at 
a range of 8,000 yards; a shot fired with a deflection of 2.70 strikes 
SO yards to the r^t of the ta^et; how may the deflection cor- 
rection be determined on the ^ght for the next shot, and what 
Should Oie deflection setting be for the second shot? (112, 121.) 

Describe the emergency system, and bow it is used. (83, 100.) 

What lire safvo points, and how are they used7 (64.) 
(h) Regulations Governing Service and Subcaliber Practice So Far 
as They Afiect the Service at the Emplacemente. 

At service practi<*, what are the requirements relative to the 
bringing of projectiles and powder cliarges to the platform? 

Explain how the proiectiie and powder are inserted in the gun. 
(82, 1M, 119.) 

What arm signals are used at the battery? (G. I.) 
(i) Mountic^: and Dismounting Guns and Carriages. 

How often should a mortar be dismounted? 

Briefly describe a method of removing springs from mortar 
carriages. 

Explain how to remove piston and rod from a gun or mortar 
carriage. (36, 3B.) 
U) Cbaiacteristic Features of the Several Classes of Warships, etc 

At » ..».«..... ^f M\ftnfi ,.n^A^ w,>... ....... .. 4....:....) M...:^.^* u^ 



distinguished from a typical battleshi|i? 

Give the eharactenstic and distmguL „ 

lowing tvpes: Dreadnought; battleship; battle cruiser; cruiser 



B the charactenstic and distmguishing features of the fol- 
ig tvpes: Dreadnought; battleship; battle cruiser; c 
(armored and protected)^ destroyer; gun boat; monitor; 1 



Note in each case approximate speed, draught, general appearance, 
armament, and armor protection. (99.) 

Give names and characteristics of three commercial steamers 
plying in harbor. 

Give range and azimuth from the battery to three prominent 
points. 

PLOTTER. 
(a) Definitions, D. R. C. A. 
(6) Position Finding System. 

(1) Detailed knowledge of system employed at the battery. 

Chapter V,D.R.C. A. 

(2) Indication and identification of targets. 

Chapter V, D. E. C. A. 

(3) Duties of each member of the range section under all 

conditions. 
Chapter V, D. R. C. A. 

(4) Emergency system and salvo points. 
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(e) PoBitioii Finding App&ntus. 

(1) Detailed Itnowledge of adjustroenta and use of all position 
finding apparatus used in the plotting room. 
Chapter XXIII, D. R. C. A., and C. A. M. 

(d) Elemental; Gunner;. 

(1) Explanation of the several corrections to be applied to 

the observed ranee to obtain the corrected range. 
Chapter XXIII, D. R. C. A., and S. C. A, 

(2) Effect on the flight of the projectile of variations in the 

density of the air; the direction and velocity of the 

S. C. a! and paragraphs 381 and 401, D. R. C. A. 

(3) Use of trial shots and appUcatton of data obtained from 

them (problem). 

(e) Preparation erf Target Practice Records. 

Plotter Examination QuEaTiONB. 

(a) Definitions, D. S. C, A. ' . 



deflection; gun difference; range diSerence; travel of target; azi- 
muth of a |)oint; fire control installation; observing interval; 
plotting board; reference number; time-azimuth device; tiin»- 
raiwe board: tracking; directing point; displacement of a point; 
drift; muzzle velocity; communicationsj corrected range; range 
deviation; location of target; observing mtervnl; orientation; de- 
viation; tai^; coupler. 

How are different stations designated? 

. Give the conventional signs and abbreviations for fire control 
stations. 

(6) Position Finding System. 

What does tbe chief of range section do at the commands 
"Fall In"; "Call Rolls"; "Report"? How does he post his sec- 
tion? What does he do before reporting, and to whom does he 
report? 

What ii9 the post of the range section when the company is 
formed? (78.) 

Prepare a manning table for tbe range section, and name the 
instrument used by each when tracking by horizontal base. (7, ' 
44, 95, 56, 63.) 

Eaiumerate and describe the various systems of position 
finding. (63.) 

Give the maiming party for B. C. and observing stations and 
plottmg room. (7.) 

Give commands for indicating a target, and explain each. 
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Describe the indication and identification of a tai^t under the 
following headings: (1) What information does the B. C. send 
the plotter when the F. C. indicates a target by azimuth and range 
of a pretlicted point relocated for the B. C. station? (2) What 
lines of communication does he use? (3) What action is taken 
in the plotting room to complete the identification? (4) After the 
tai^t nas been described by the observers, what further identifi- 
cation can be made with the assistance of the plotter? (48.) 

Give in detail the duties of each member of the range section 
when tracking with the horizcmtal base (practical demonstration in 
plotting room). 

How does the plotter determine the plotted (observed), pre- 
dicted, and set-forward points, and how often are these pomts 
plotted? 

Describe in detail how the corrected range (corrected elevation 
for mortars) ie determined; how it is transmitted, and what chan- 
nels it goes through; give same information regarding deflection 
or corrected aaimuth. 

Explain the mechanical operation involved in changing from 
horizontal to vertical base. 

What is the name of the point for which elevation or range is 
determined? Explain how it is located, name the other necessary 
points, and explam how they are locatea. 

Describe Case III for guns. 

What two kinds of travel are used, and how is each obtained 
and used? 

What predicting and observing intervals are used for mortars, 
and for guns. Cases II and HI? (9, 65, 56.) 

What is done if the time-intervaJ belts fail to work? (57, Note.) 

When and how Li the emergency system used? 

Describe briefly the features of the emergens system as re- 
gards location of station; kind of instrument used; hues of com- 
raunication^ and manning party. (7, 44, 83.) 

What !8 a salvo point, and how is it used? (64.) 

What reports ar« made throughout the range section when 
manning stations? Give words used. (81.) 

(c) Portion Finding Apparatus. 

Give a list of position finding apparatus in your plotttag room. 
(44.) Same for all electrical apparatus, and tiieir functions. 

Describe the various steps in onentii^ and adjusting the 
plotting board and testiiu its accuracy (practical demonstration). 
(52.) 

What changes in the plotting room apparatus are necessary 
in order to prepare them for subcaliber practice? (100.) 

Describe the adjustment, test for accuracy, and operation of 
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Demonstrate the use of the following: wind component in- 
dicator; prediction scale; set-foiward ruler; deflection board. 

Explain how the deflection board is tested for accuracy. (45, 
46, S5, 66, 70, 72.) 

For what purpiMo is the powder chart used? (42.) 

Deacribe the time-interval system; where the different com- 
ponente are located, and the instructions for its care and adjusts 
ment. (76.) 

Demonstrate how a telephone station is opened, tested, and 
closed. 

Upon closing statioD, what should be done to the telephone? 

Enumerate the principles in the use of the telephone. 

Give the operator's test of telejihones. 

Explain bow telephone operators are selected. 

Show how to send ranee and azimuth over a telephoile. 

What are the principal troubles occurring in telephones, and 
how are they determined? (71.) 

(d) Elementary Gunnery. 

What corrections for range are made on the range board? 

Will a condition of atmosphere denser than nonual cause a 
projectile to fall beyond or short of a target? 

It the powder gives a velocity higner than normal, will the 
projectile fall beyond or short of the target? (13, 67, 111.) 

Explain the object of trial shots, and how the data obtained 
from them is used. ' 

Explain the method of plottii^ trial shots. 

If the trial shots fell 200 yards over, explain what correction 
la made and how, before firing record shots. 

The range of the aiminc point for trial shots was 9,000 yards; 
the three splashes feU 8,910, 8,990, and 9,050. Was the muizle 
velocity assumed too great or too small? Demonstrate how to 
find the correct velocity. iI4, 67, 111.) 

Explain how to make range and deflection corrections at your 
battery. 

If the wind has an azimuth of 180°, velocity of 10 m, p. h., 
and the gun is laid on a target whose azimuth is 180°, what effect 
will the wind have on the range and deflection? The wind reference 
number set on the deflection board is 40; will the wind cause the 
projectile to move to- the right or to the loft? (14, 112, 113.) 
<e) Preparation of Target Practice Reports. 

What records are kept in the stations during target practice? 
What is done with the plot immediately after practice, and 
what becomes of it? (114, ^2Z.) 

What is the approsimat* size of the hypothetical targets, and 
what do they represent? (115.) 
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Draw A diagram showing how splashes are plotted for the 

determination of nits. 

What constitutes a hit, and how are they delarmjnedT 

How is the position of target on plot determined? (114, 

117,123.) 

OBSERVER (FiKST on Second Class). 

(a) Definitions, D. R. C. A. 

(b) Position finding system. 

(1) Detailed description of that in use at the battery. 

Chapter V, D. R. C. A. 

(2) Indication and identification of targets. 

Chapter V, D. R. C. A. 

(3) Emergency system and salvo points. 

Paragrapha 74, 86, 92, 761 to 763, D. R. C. A. 

(c) Position Finding Apparatus. 

(1) Detailed knowledge of adjustment and use of all ob- 

serving instruments and range finders in use at the 
battery. 
Chapter XXIII, D. R. C. A., and C. A, M. 

(2) Use of the telephone. 

Paragraphs 367 to 379, D. R. C. A., "Gunners' In- 
struction," and C. A. M. 

(d) Characteristic Features of the Several Classes of Warships, 

Geoeral Knowledge of Local Shippii^, of Channels Lead- 
ing to the Harbor, and of Ranges to Prominent Fixed 
Objects in the Field of Fire of the Battery. 

"Gunners' Instruction" and local harbor chart. 

Observers' Examination Questions. 

(a) Definitiotts, D. R. C. A. 

Define the fallowing: angle of position (site or depression); 
azimuth of a point; baseline; depression position-finder; field of 
fee; firing interval; identification of target; indication of target; 
relocation of a target; predicted jiolnt; danger space; harbor cliait; 
emergency stati<m ; orientation; base-end station; position finder; 
time-range board; datum point; material target; range; salve 
point; tracking; azimuth difference; communications; directing 
point; field 01 fire; range of a shot; horizontal base ^stem; 
corrected range. 

Give the conventional signs and abbreviations for the stations 
of a battery; also for fort and fire command stations, and for 
muzzle velocity. 
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(6) Podtioa Finding SjBt«m. 

Knumenite and describe the various S3^tem9 of position 
finding. (63.) 

Draw a diagram showing the following: B', B", directing- 
point, and target. 

What data should be posted in observii^ stations? 

With whom is the obserrer in direct telephone communication? 

With whom is the reader in direct telephone communication? 
(44.) 

Give the manning party tor the B. C. station, observmg sta- 
tion, and plotting room, 

Desscribe how the iluta for firing is determined by horizontal 
base; also vertical base. {55, E6.) 

In case the T. I. bell goes out, what is done? Give commands. 

What are the qualifications 01 an observer? what is he resp<m- 
sible for? what reports does he make, and to whom? (5, 57.) 

Give in detail the duties of an observer using a D. P. F. during 
the firing of trial shots. (111.) 

Give in detail the duties of an observer and reader using a 
D. P. F. in following a target. Which of the cross wires is the 
most important? which in horizontal base? Explain when the 
traversing of instrument is stopped in vertical base; in horizontal 

Act as an observer and reader tracking target, both with D. 
P. F. and azimuth instrument. (57.) 

Demonstrate how a station is opened, reported, and closed. 

To whom do base-end stations report on maiming station? 
what words are used? (71, 81.) 

Give in full the commands of the B. C, and answers of ob- 
servers, in indicating, identifying, and tracking a target with hori- 
zontal base; same for vertical base, auxiliary base, and emergency 
system. 

How can the battery commander ascertain if the observers are 
on the right target? 

When should the batter; commander designate a point of 
observation? If no point is indicated, what point is used? 

If an observer receives a message, "Azimuth 243, range 8120," 
what is done by him, and what additional message does he expect? 

What is the difference between "indication" and "identifica- 
tion" of targe^ts? 

Show giaphicall; ship Ho. 3 of foui ships in line entering 
harbor; same when in column. (48.) 

In assigning a target, what Imes of communication are used? 
In tracking, what lines are used? State who are on the various 
lines. (44.) 

Describe briefly the features of the various emergency systems 
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SM Tcgards location, apparatus, linea of communication, and man- 
ning parties. When anii how is it used? What are aalvo points, 
and how are they used? (63, 44, 7.) 

(c) Position Finding Apparatus. 

What instruments are required in the B. C, B', and B" 
stations. (44.) Nameother apparatus in station and state function 
of each. 

What is a coincidence lanEe finder? Discuss system. (62, 63.) 

Name the principal parts of a telescope. How is it cared for? 

Explain how to focus a telescope. 

Describe how to adjust the eyepiece of a telescope. 

What causes parallax, and how is it eliminated? 

It a telescope is focuseed for ono person, what changes are 
necessary if the range changes or if another observer is selected, 
and why? 

Explain how to level an instrument which has three leveling 
screws; same tor four leveling screws. (8, 57.) 

Set up, adjust, and orient an azimuth instrument on tripod 
mount (practical demonstration if instrument is available). (61.) 

Describe briefly the illuminating system in an observing sta- 
tion and an azimuth instrument. 

What is baclt-laBh, and bow is it eliminated? (57, 61.) 

Explain how to orient and adjust a D. P. P. (practical demon- 
stration), using three datum points. (57, 59, 60.) 

What tests of telephones are made on opening station? 

What care should be taken of a telephone on closing station? 

Give the rules for sending and receiving messaijes and data. 

How can an operator tell when the electric circmt ot his tele- 
phone is all right? Give nomenclature and function of parts. 

What are the principal troubles in telephones? Explain how 
to locate and determine each. (71.) 
(d) Characteristic Features of the Several Classes of Warships, Etc. 

How could you, at 10,000 yards, using a telescope, distinguish 
a battleship, scout cruiser, submarine, armored cruiser, destroyer, 
dreadnought? 

Give the characteristics and distinguishing features of the fol- 
lowing types: Dreadnought; battleship; battle cruiser; cruiser 
(armored and protected); destroyer; gun boat; monitor; scout. 
Note in each case approamate speed, draught, general appearance, 
armament, and armor protection. (99.) 

Give names and characteristics of three commercial steamers 
plying in harbor. 

Give range and azimuth to three prominent objects. 

Describe and name the subareas and channels of your harbor. 
Give ranges to all prominent points. 



CHAPTER XIV. 
DRILL REGDLATIONS, C. A., 1914— QUESTIOHS. 

(Numbers preceding questions refer to paragraphs of D. R. C. A.) 
Chaptbr I. 

1. What two forces are used in the defense of a coast line? 

2. What do the land and naval forces include? State the 
functions of each. 

3. What, in detail, are the military preparations made by 
land forces for the defense of the coast line? 

4. Describe the two general classea of armament used in 
coast forts. 

5. How is the fixed armament classified? 

6. Of what does the major armament consist? State its gen- 
eral use, the kinds of fire used, and the general use of shot and shell. 

7. Of what does the intermediate armament consittt? State 
its general use, 

8. Of what does the minor armament consist? State its gen- 

9. Of what does the movable armament consist? State its 
general use. 

10. Of what does the mine defense consist? 

11. How is the service of security, in coast defense, allied to 
the service of information, and how are they accomplished? 

12. What are the umts of the tactical chain of coast artillery 
command? Show by diagram how they are interrelated. 

13. Of what does a battery command consist? Who is its 
commander? 

14. Of what does a fire command consist? Who is its com- 
mander? How are batteries grouped to form a fire command? 

15. Of what does a mine command consist? Who is its com- 
mander? 

16. Of what does a support command consist? Who is its 
commander? 

17. Of what does a fort command consist? Who is its com- 
mander? 

18. Of what does a coast defense command consist? Who is 
its commander? 

Chapter II, 
IS. What is the smallest administrative unit in the Coast 
Artillery, and what determines ita size? 

20. How are Coast Artillery companies assigned? 

21. What determines the assignment of companies to batteries? 

133 
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22. How is a. gun company divided and subdivided? 

23. How is a mortar company divided and subdivided? 

24. How is a mine company divided and subdivided? What 
other aasisnmenta and Bubdiviflions of sections are made? 

25. Who m tlie commander of the section, and what are his 
respossibitities? 

26. What manning tablea are made out, aad where are they 
posted? 

27. What units furnish the personnel of the several maoniiie 
tables? 

28. Who are responsible for the training of the fort and fire 
command details? 

29. Describe the manning table of a company. Where is it 
posted? 

30. Draw a diagram showing the relations of the officers of a 
fort command. 

31. How are coast defense and fort commanders assigned? 

32. How are fire and mine commanders and staff ofGcers as- 
isgned? What governs the assi^ment of fire commanders? 

33. What governs the selection of communication officers? 

34. How are company officers of a mine command assigned? 
36. How are company officers of a gun or mortar company 

assigned? 

36. What influences the assignment of ofiicers at a battery? 

CHAPTEa III. 

37. State in detail how lo form a company. 

38. State in detail how an inspection (artillery) in ranks is 
conducted. 

39. Explain how to march the company to the battery. 

40. Explain how to post the sections. 

41. Explain how to dismiss the sections. 

42. State in detail how to form the company as infantry. 

Cbaptbr IV. 

43. What daily record does a battery commander keep? 

44. For what is the battery commander responsible? 

45. What is necessary to keep a battery properly supplied at 
all times? 

46. What are the regulations governing the modification of 
the drill? 

47. How may temporary changes in a battery fire control in- 
stallation be made? 

48. How may permanent changes in fire control installations 
be made? 

49. How may a new device at a battery be authorized? 

50. How are range sections, telephone operators, and detail! 



unu n.eguiatwns, o. /i., igi4 — yttesitons. 155 

for fort and lire command stations kept in training during the 
entire year? 

51. Who accompanies 'the 6ie commander in hia inspection of 
the batt«ly? 

52. In drill and action, how is the Rrc direction of the various 
mlita exercised? Explain BATTERY COMMANDER'S ACTION. 

63. When may tlie battery commander leave his station, and 
what is the procedure required? 

M. What is done wheD an element of the position finding 
system goes out? 

55. What is done to prepare the battery in the event that all 
communications go out? 

SB. State the emergency conditions under wtiich battery drill 
ahoutd be conducted. 

57. What are the responsibihties of tlie range officer? 

58. What are the duties of the range office before drill, prac- 
tice, or action? 

59. What report does the range officer make on manning 
station? 

BO. What does the range officer do at the conclusion of drill? 

61. How are observers selected, and what are their respon- 
aibilitiea? 

62-B3. What teste are given observers operating the various 
iuatruments? 

64. What ia the plotter responsible for? 

65. What is the emplacement officer responsible for? 

66. What are the duties of the emplacement officer before 
drill, practice, and action? 

67. What report does the emplacement officer make when 
iimnning battery? 

68. What does the emplacement officer do at the conclusion 
of drill? 

69. Who is in command of a gun emplacement or mortar pit, 
and what are his responsibilities? 

70. Wha.t, in detail, are his duties and reporte made when 
manning the battery? 

71. What does he do at the close of drill. 

'72. What is the assignment for a gun pointer, what are bis 
duti^ and what test is given him? 

73. What is the assignment for a mechanic, and what are his 
duties? 

Chapter V. 

74. Describe the systems of range and position finding, and 
enumerate the equipment required. 

76. What system of fire direction may be used by batteries of 
inteimediate armament? 
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76. Give the maiming parties of a gun batt«ry, B. C. station, 
plotting room, and observing station. ' 

71. Give commandB for indicating a target to the battery, and 
explain what is done at each command. 

7B. Give several examples of typical commands of the batteiy 
commander. 

79. What observing and aiming points are used, and how and 
when are they designatnl? 

80. Explain in detail the duties of each member of the range 
section when tracking with horizontal base. What may be done to 
hasten the data? 

BOA. What different methods may be used to obtain angular 
travel? 

SOB. What may be substituted for the fjme-range board, and 
how is the raa|^ drum set? 

81. Explain in detail the duties of each member of the ranee 
section when tracking on vertical base. What commands may be 
given to discontinue tracking? 

82. What should be done to insure efficiency in a fire control 
system? 

83. Wliat ia done to provide for the T. I. bell going out? 

84. Explain the duties of the range section when using the 
coincidence range finder. 

85. When is the coincidence range finder used as an emergency 
instrument? 

86. What additional systems of range finding should battoriea 

87. Give the manning parties of a. mortal battery, B. C. sta- 
tion, plotting room, and observing station. f 

U. Give commands for indicating a target to the batte'ry, and 
explain what is done at each command. 

8(^90. Explain in detail the duties of each member of the 
range section when tracking with horizontal base, 

91. What are the duties of the azimuth keeper? 

92. Explain the duties of the manning parties when operating 
vertical base or coincedence range finding and emergency systems. 

Chaptek VI. 
: What are the manning parties fur a B. C. station and 



r of these parties oa 

manning station? 

95. How does the B. C, indicate a tai^t to his battery? 

96. What command for tracking is given, and wliat is done at 
the command? 

97. How is the angular travel and deflection obtained? 

98. Explain how to range from one gun, giving raimma&ds. 
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99-101. Describe the methoda of sheaf tanging, and give com- 
mandB for conducting same. 

102. Explain how to fight a battery w}ien the position finding 
ay stem goes out. 

103. Where should the spotting station be located? 

104. Where ia a desirable location for a spotting station for 
night work? 

10s. What system would be used at night under favorabls and 
unfavorable conditions? 

10s. What kind of ammunition is used at night to assist in 
range GitdinE? 

107. When is sheaf ranging preferred in day and night firin);? 

108. What should be done in case a permanent installation is 
not provided? 

109. Wh^t range finding equipment is necessary in the com- 
plete equipment of data, and what is done if it has not been 
fumishw? 

Chapter VII. 

110. What is the strengtii of a pit section, and how is it sub- 
divided? 

111. Of what does a mortar detachment consist? 

112. Of what does an ammunition detachment consist? 

113. Of what does a reserve detachment consist? 

114. Explain how to post the pit section, and give commands 
therefor. 

115. Explain how to call off, and give command therefor. 

116. E:q>lain how to load and fire, and give commands therefor. 

117. What is done at the command CEASE FIRING? 

118. What are the duties of the emplacement officer during 
driU? 

119. Who assumes the duties of the emplacement officer in 
hia absence? 

120. Prepare a table showing the duties of each member of a 
mortar deUchment for the different commands, DETAII£ TOSTS; 
LOAD; RELAY; CEASE FIRING. 

12). Show by diagram the cover poets at the command TAKE 
COVER. 

122. What determines the cover post of the detachment? 

123, What determines the cover post of No. 6? 

124, What ^it is habitually used by cannoneers? 

125. What IS tlie habituflf position of the mortar when the 
command LOAD or COMMENCE FIRING is given? 

126. What two systems of firing the piece are employed, and 
how are they used? Which ia the preferred method? 

127, What are the duties and responsibilities of the chief of 
ammunition before and during drill? 
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Chapter VHI. 

128. What is the strength of a 12- or 14-inch gun section, and 
how is it subdivided? 

129. Of what does a gun detachment consist? Hon ia it sub- 
divided? 

130. Of what does an ammunition detachment consist? How 
is it subdivided? 

131. Of what does a reserve detachment consist? How is it 
subdivided? 

132. Explain how to post the gun sectian, and give commands. 

133. Explain how to call off, and give commands. 

134. Kxplain how to load and fire, and give commands, Wh&t 
is done when the rounds ordered have been fired? Give commands. 

135. When dummy ammunition is used, what is done at the 
command CEASE FIRING? 

136. Prepare a table showing the duties of each member ot a 
12-iiich gun detachment at drill for the different commands, D& 
TAII5 POSTS; EXAMINE GUN; LOAD; CEASE FIRING. 

137. What model of breech mechanism is the drill prepared for, 
and what changes in the drill are necessary when the gun has an 
1888 breech mechanism? 

n breech. Model 1888 mechanism, 
e breech, Model 1888 mechanism, 
n breech, Model 1895 mech^ism. 
le breech, Model 1895 mechanism. 

142. What is done to prevent the lanyard fouling the breech 
mechanism, Model 1S95? 

143. What adjustments of shot trucks are necessary before 
drill or action? 

144. What is done if the gun fails to go fully in battery? What 
should be done beforehand to obviate this? 

145. Explain how to retract the gun by hand. 

146. Explain how to retract the gun by electric power. 

147. What is the object and operation of the friction br^e? 

Chapteb IX. 

148. What is the strengtJi of a 8- or 10-inch gun section, and 
how is it subdivided? , 

149. Of what does a gun detachment consist? How is it sub- 
divided? 

150. Of what does an ammunition detachment con^st? How 
ia it subdivided? 

151. Of what does a reserve detachment consist? Bow is it 
subdivided? 

162. Explain how to post the gun section, and rive commands. 
153. Eiq>lain how to call off, and give commands. 
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154. Explain how to load and fire, and Kive commands. What 
ia done when the rounde ordered have been med? Give commands. 

156. "When dummy ammvmition is used, what is done at tiie 
command CEASE FIRING? 

1SB. Freptae a table ahowinR the duties of each member of a 
10-inch gun detaehment at drill for the different commands, DE- 
TAILS POSTS; EXAMINE GUN; LOAD; CEASE FIRING. 

167. What prescribed drill is generally followed for the S- and 
lO-inoh D. C. gun battery, and wnat moaifications are necessary? 
Chapter X. 

1G8. What is the strength of a S-inch gun section, and how ia 
it subdivided? 

159. Of what does a gun detachment consist, and how is it 
subdivided? 

ISO. Of what does an ammunition detachment consist, and 
how is it subdivided? 

161. Of what does a reserve detachment consist, and how is it 
subdivided? 

162. Eicpiain how to post the gun section, and give commands. 
1B3. Explain how to call off, and give commands. 

164. Explain how to load and fire, and give commands. What 
is done when the rounds have been ordered Med? Give commands. 

165. When dummy ammunition ia used, what is done at the 
command CEASE FIRING? 

166. Prepare a table showing the duties of each member of a 
12-inch gun detachment at drill for the different commands, D& 
TAILS POSTS; EXAMINE GUN; LOAD; CEASE FIRING. 

167. Explam how to retract the gun. 

Cbapter XI. 



169. Of what does a gun detachment consist, and how is it 
subdivided? 

170. Of what does an ammunition detachment consist, and how 
is it subdivided? 

171. Of what does a reserve detachment consist, and how is 
it subdivided? 

17Z. E^lain how to post the gun section, and give commands. 

173. Expl^ how to call off, and give commands. 

174. Explain how to load and fire, and give commands. What 
is done when the rounds ordered have been &ed? Give commands. 

175. When dumroy ammunition is used, what is done at the 
command CEASE FIRING? 

176. Prepare a table showing the duties of each member of a 
12~inch (B. C.) gun detachment at drill for the different commands, 
■rnSTAnS POSTS: EXAMINE GTJN: I/IAD: CEASE FIBTNO. 
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177. Wh&t should be the position of the gun when the breech 
is opened or beii^ opened? 

178. Explain how to open the breech (Model 1888 mechawsml. 

179. Explain how to close the breech (Model 1888 mechaniaoi). 

Ca AFTER XII. 

180. What prescribed drill is generally followed for the 8- and 
l(Much B. C, and what modifications are necessary? 

Chapteb XITI. 

181. What is the atrength of a fi- or 64nch gun section, and 
how is it subdivided? 

182. Of what does a gun detachment consist, and how is it 
subdivided? 

1 83. Of what does an ammunition detachment consist, and how 
is it subdivided? 

184. Of what does a reserve detachment consist, and how is it 
subdivided? 

185. Explain how to post the gun section, and dve connnands. 

186. Explain how to call off, and give commands. 

187. Explainhow to load and fire, and give commands. What 
is done when the rounds ordered have been fired? Give commands. 

188. When dummy ammunition is used, what is done at the 
command CEASE FIRING? 

189. Prepare a table showins the duties of each member of & 
&-inch mm detachment at drill for the different commands, D£- 
TAII£ POSTS; EXAMINE GUN; LOAD; CEASE FIRING. 

Chapter XIV. 

190. What is the strength of a 3-, 4-, or 4.7-inch gun section, 
and how is it subdivided? 

tSI. Of what does a gun detachment consist, and how is it 
subdivided? 

192. Of what does an ammunition detachment consist, and 
how Is it subdivided? 

193. Of what does the reserve detachment consist? 

1 94. Explain how to post the gun section, and give commands. 
185. Ej^lain how to call off, and give commands. 

196. What method of firing is used? 

197. Prepare a table showing the duties oF each member of a 
3-inch gun detachment at drill for the different commands, DE- 
TAIIS POSTS; EXAMINE GUN; LOAD: CEASE FIRING. 

198. What is done to insure the cartridge cases fitting the 
chamber? 

199. What b done if a cartridge jams on insertion? 

200. What is done if a cartridge can not be extracted easily? 
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201. How is the drill modified to care for a masking parapet 
mount? 

202. What modification of driU is authorized for a 4.7-iiich gun? 



203. What is done in drill to insure team work? What gait is 
habitually used? 

204. How should commands be given? 

205. How is actual loading and firinE simulated? 

206. What ia done at the command TAKE COVER? 

207. What kind of primers should be used at drill? 

208. Explain how and when a primer is inserted. 



209. What force is necessary to fire a friction primer? 

210. How is the lanyard pulled, and from what positioD 

211. What should be done with primers that fait to fire? 



212. What should be done to prevent premature firing by 
lanyard? 

21 3. Give the arm signals tor ELEVATE; DEPRESS ; RIGHT ; 
LEFT; CLAMP; HALT; STAND FAST; TAKE COVER; 
READY. What do they signify? 

214. In what other way may signals be given? 

215. Describe in detMl how the projectile is seated. 

216. Describe the powder serving tray. 

217. Describe the use of Wie powder serving tray. 

218. Explain the adjlustment of the sight standard. 

219. Explain the adjustment of the azimuth indices at a gun 
batleiy. 

220. Explain gun differences, and how to correct therefor. 

221. Explain the method ot orienting mortars. 

222. What test should be given quadrants, and how often? 

223. Explain the methods of pointing, and state when the piece 
is fired. 

224. E:q}lain the pointing test for gun batteries, and give 
examples. 

225. How is the excellence of a gun pointer's work determined? 

226. What training of the gun pointer is necessary in a dis- 
appearing carriage? 

227. Explain the prediction test for mortars, and give examples. 

Chapter XVI. 

228. From where do the regulations for subcfdiber and service 
practice emanate? 

22B. What is the object of subcaliber practice, and how is it 
held to best accompUsh the desired results? 

230. What are the responsibilities of the battery commander 
before service practice? 
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231. What treatment is given the bore and breech meohanism 
before practice? 

232. How is the powder stored in the magazine prior to prac- 
tice, and why? 

233. What steps are taken to insure that powder for one caliber 
ia not used in another caliber? 

234. What ia done in case a poor practice is attributable to 
the powder? 

236. How are projectiles prepared for practice? 

238. What is done immediately after liie piece is fired? 

237. What is done to keep the gas check seat, breechblock, 
and recess in order? 

238. What safety precautions are taken at the breech when 

mi. What inspection is made after the practice, and what ' 
treatment is given the bores and breechblocks? 

240. Wluit action is taken to prevent injury to the ears during 

241. What action is taken to insure against accident? 
242-243. What is done in case of misfire? 

244. What is done at the command CEASE FIRING? 

245. What should a jmiior do who is ordered to fire when he 
deems it unsafe? 

24S-248. What instructions govern the firing of salutes, and 
what ate the safety precautions to be observed? 
Chaftbb XVII. 

249. Give the manning party for a fire commander's primary 
and secondary stations. 

250. How are fire commanders assigned to fire commands? 

251. For what is the fire commander responsible? 

252. Are his duties confined to tactical ^ciency? 

253. Where is his station, and where may he go? 

254. On what does he keep the fort commander informed? 

255. What are his duties during battery drill and indoor in- 
struction? 

256. What steps should be taken to secure maximum efficiency? 

257. What st^ officer is assigned him, and what are his duties? 
~ 258. What are the duties of the communication officer when 

manning station? 

259. What are the duties of each member of t^e manning 
party when manning station? 

260. Explain how a lire commander indicates a target to his 
observers and battery commanders under normal and abnormal 
conditions, and give typical commanda. 

261. What searchlights are controlled by the fire commander? 
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282. What » meant by "Fire oommander'a action" and "Bat- 
tery commander's action," and when are th^ assumed? 

ZK3. Who determines the order (or kind) of fire of batteries? 

264. Give the several commands for indicatii^ a target to the 
batteries, and explain what is done at each command, and name 
the orders (or kinds) of fire. 

26S.- Give several type commands of fire commanders in aa- 
^gnii^ taivets. 

266, Give type commands when warship division may be 
simulated. 

267. Wliat, in general, governs the kinds of commands to be 
used? 

26fi. Explain what the following commands Hignify: CEASE 
FIRING; CHANGE TARGET; CLOSE STATION. 
Chapter XVIII. 

269. Give the manning parties for a mine commander's primary 
and secondary stations. ' 

270. For what is the mine commander responsible? 

271. Are his duties confined to tactical efficiency? 

272. Where is his station, and where may he go? 

273. Who is responsible that the proper equipment is on hand? 
_ 274. Who designates the property officer, and what are his 
duties? llow is mine property obtained and cared for? 

275. Who directs the fire of several batteries of a mine com- 
mand, and what general method is used? 

276. Give the manning party for a fort commander's station. 

277. Of what does a fort command consist? 

278. For what and to whom is a fort commander responsible? 

279. How does he prepare his fort for defense and command 
it in action? 

280. Who controls the seaward defense of a harbor when sev- 
eral fort commands are adjacent thereto? 

281. How is the tactical station of a fort commander desig- 
Dated, and what steps are taken when he leaves his station? 

262. How best does his command attain maximum efficiency? 

283. What officers are assigned the fort commander? 

284. What are the duties of the personnel officer before and 
during drill or action? 

SreS. What is the materiel officer responsible for? 

286. What is the procedure followed when materiel is, out of 

287. What are the duties of the mat^iel officer prior to drill 
or action? 

288. What are the duties of the fort command station detail 
when manning station? 

289. Explain how a fort commander indicates targets to his 
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observen and fire commanders. How does he prepare his com- 
mand for service? 

290. How does he arrive at his "Estimate of the situation"? 

291. Give commands for assigning ta^et to all (also to one) 
fire commanders, and explain what is done at each command. 

292. What should be done to simulate real action? 

293-295. For what and to whom is the meteorolt^cal observer 
responsible, and what are hia duties on opening station, and duriog 
drill and action? 

29ft. What record is kept in the metoorotodcal station? 

297. For what and to whom is the tide observer respcmaible, 
and what are hia duties on opening station, and during drill and 
action? 

Chaptbk XIX. 

298. Of what does a coast defense command consist? 

299. How are coast defense commands, their headquarters and 
limits es^lished? 

300. Is the coast defense commander a tactical or administrat- 
ive officer? 

301. Where is his station during drill and action? 

302. What is done by him to convenience the assignment of 
targets? 

303. What are his duties during actual or threatened actioi)? 

304. What is done by him to insure tactical efficiency? 
SOS. Over what has the coast defense commander control? 

306. What ia the procedure in case repairs are needed? 

307. What are his responsibilities and duties relating to water 
transportation? 

308. What are his duties concerning the inspection of artillery 
boats? 

309. What inspections are made by masters, and who are re- 
sponsible therefor? 

310. What are the regulations governing the care and assign- 
ment of distribution box boats? 

311. What are the regulations regarding the use of artillery 
boats? 

312. What duties devolve on a coast defense commander with 
reference to vessels of war? 

313. What are the duties of a coast defense adjutant? 

314. What governs the assignment as artillery engineer? What 
is he charged with, and what inspection does be make? 

316. How is engineer, signal, and mine property obtained and 
accounted tor? 

316. How is this property issued Cor use, and who is responsible 
therefor? 

317. What are the regulations governing the transfer of prop- 
erty between forla? 
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318. The artilleiy eng;ineer \b responsible (or the maintenance 
and operation of what? 

319. How ure supplies obtained for the power plants? 

320. What reports are rendered on internal combustion engines? 

321. What are his duties in reference to the maintenance of 
ordnance? 

322. What enlisted men are ass^ed to f<»t mat^et officers, 
and how are their services obtained and utilized? 

323. What is the procedure to employ enlisted specialists as 
clerks or store keepers? 

324. What ia done to develop enlisted specialists? 

325. How are the services of ordnance machinists obtained for 
materiel other than ordnance? 

326. What tests are made on submarine mine cable? 

327. With what is the ordnance officer charged, and what 
inspections does he make? 

328. What action is taken to insure the proper ordnance sup- 
pUes are on hand? 

329. How is ordnance property issued and transferred from fort 
to fort? 

330. Who is in charge of ordnance repair shops and the per- 
sonnel therein? 

331. How does the ordnance officer obtain technical assistance 
for his electrical equipment? 

332. What are the duties and responsibilities of the coast de- 
fense quartcnnaster, and what inspection does he make? 

333. How may the quartermaster' obtain the services of the 
ordnance machinist? 

334. What duties devolve on coast defense officers when in- 
spections are made by visiting staff corps officers? 

Chapter XX. 

335. What is done to prepare for a coast artillery inspection? 
335. What is the order in which the equipment is inspected, 

and who accompanies the inspector? 

337. What is done as the inspector approaches and inspects 
a station? 

338. What is done as the inspector approaches and inspects 
a battery? 

339. What is done as the inspector approaches and inspects 
a gun emplacement? 

340. What is done as the. inspector approaches and inspects 
a mortal emplacement? 

34t. State in general what ai 
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Chapter XXI. 

342. What acceesories are necessary for auccesaful defense 
against night attach? 

343. What searchlighta are in the Bervice, and what is the 
standard aizeT 

344. In what tno waya are searchlighta classified? 

348. Who controls all the searchlights over any water area? 

345. What m done to the water area to convenience the tactical 
'useofsearchlighU? 

347. How are fort command searchlights utilized in searching? 

348. How are fire command searchlighta utilized in searching? 

349. What are illuminating lights primarily used for, and by 
whom are they controlled? 

360. In what two ways may an illuminating light be used in 
searching? 

351. How is a mine light controlled? 

352. What is the normal collective use of searchlights?' 

353. Give the manning parties of a searchlight: (1) when 
operated from a central plant; (2) internal combustion engine; 
and (3) local steam plant. 

394. Who is responsible for the instruction and drill of search- 
l^ht manning parties, and where is his station during drill? 

355. What are the qualifications of a watcher, and what &re 
his duties? 

356. What are the qualifications of a searchlight operator, bod 
what should influence their assignment? 

357-359. How are searchlights designated? Give all type com- 
mands, and explain each. Explain the individual use of a s&aicb- 
light in Bearching. 

360. Whatifl ' 

361. What i) 
conducted? 

362. What is the object of coast defense, fort or fire command 
night drill, and how is each conducted? 

363. What are the regulations about a light coming on boats 
not provided for artillery purposes? 

364. What use should be made of aearchli^t control drill? 

Chapter XXII. 
385. What are the different methods of communications in 
coast artillery? 

366. What signal stations are established in coast forts? 
387-372. Stat« in detail how telephone operators are select«d. 
373-374. Explain how to open and test a telephone station. 
375. By whom are telephones repaired? 
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376. Enumerate the principal troubles of telepbonea, and ex- 
plain how to dft«ct them. 

377. Explain in detail how to send messages by telephone. 

378. Give the rules to be observed in the receiving of messages. 

379. Explain how the t«lephDne is cared for, and how to close 
station. 

Chapter XXIII. 

380. Describe the anemometer, and explain its operation. 

381. Describe the atmosphere rule, and explain its operation. 

382. Explain how to set up and orient an azimuth instrument. 

383. What two kinds of barometers are there? Where are 
barometers located, and for what are they used? 

384. Describe the gun deflection board, and explain its oper- 

386. Describe the mottar deflection board, and explain its op- 
eration. 

386. Describe the deflection board for mine armament, and , 
explain ita operation, 

387. Describe the deflection recorder's board, and explain its 
operation. 

388. Give the principle of depression position finders. 

389. Explain the aojustment for range and azimuth of the 
Swasey D. P. F. 

390. Explain the adjustment for range and azimuth of the 
Lewis D. P. F. 

391. Explain how to set up and adjust the gun plotting board. 

392. Explain how to set up and adjust the fire commander's 
plotting board. 

393. Explain how to set up and adjust the mortar plotting 
board. 

394. Describe the Fratt range board, its adjustments, opei^ 
ation and teste. 

395. Describe the range board for minor armament, and ex- 
plain its operation. 

396. Describe the telescope. How is it cared for and adjusted? 

397. Describe the telescopic sight, and explain its use. 

398. Explain the use of the thermometer. Where is it located? 

399. Describe the time-interval system. 

400. Describe the time-range board, and explain its operation. 

401. Describe the wind component indicator, and explain its 
operation. 

402. Describe the wind vane, and explain its operation. 

Chapter XXIV. 

403. What responsibilities devolve on officers in the care of 
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4D4. Where are the instructjonB for the care of property ob- 
tained? 

405. What is meant by "in (or out of) aervice"; "in (or out 

406, Who are the responsible officers for batteries in and out 
of service? 

407-408. What duties devolve on, and what equipment and 
' supplies are furnished by, the Engineer Department? 

409. What duties devolve on, and what equipment and sup- 

filies are furnished by, the Ordnance Department? Name the oils 
urnished and the use of each. 

410. What supplies and equipment are furnished by the Signal 
Corps? 

411. What supplies and equipment are furnished by the Quar- 
termaster Department? 

41Z. What care should be given coast defense structures and 
adjacent grounds? 

413-414. How are drains, sumps, and water fixtures kept in 
working order? 

4tS. What is done to prevent damage in cold weather? 

416. What is done after rams? 

417. What is done to prevent the slopes being broken down? 

418. What b done to prevent damage by fire? 

419. What is done to prevent damage to doors and windows 
duringfiring? 

420. What is done to maintain in working order the lighting 
and power equipment? 

421. What are the regulations governing the care and use of 
ammunition hoists? 

422. When and how are pamphlets and ordnance material ob- 
tained? 

423. Name the difierent kinds of oil, and state the use of each. 

424. Where is the allowance of paint prescribed? 

425. Describe the regulations and methods of painting guns 
and mortars. 

426. Describe the regulations and methods of painting carriages. 

427. How is paint issued aijd prqiared? 

428. Describe a method oT removing paint from guns and 

429-433. Describe b detail the method of marking guns and 
mortars. 

434. Are any parts of seacoaet cannon e;(pendable? 

435. What exercise is ^ven disappearing ^ns in commission? 

436. What exercise is given barbette guns m commission? 

437. What is done to prevent rusting of the bore and exposed 
surfaces? 

438-43S. How is the bore cared for and prepared for firing? 
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440. What treatment is given the bore after firing? 

441. What is the habitu&l position of guns on disappearing 
and barbette carriasea? 

442. What is the habitual position of mortars? When ta the 
breech cover used? 

443. Discuss how all parts, including oil holes, ore cared for 
and lubricated. 

444. Explain bow to fill and adjust a ^ease cup. 
445-446. State the care given recoil cylinders. 

447. Wbat material is used in stuffing boxes? 

448. What exercise is given motors -on gun carriages? 

449. What material is used for removing rust? 

450. What inspection of throttling bar bolts are required? 

451. What are tJie regulations governing the dismounting of 
mortars? 

452. What are the regulations governing the cleaning of recoil 
cylinders? 

4fi3-4$5. Describe how breechblocks are dismounted, disman- 
tled, and assembled. 

456. Describe the treatment given gas check pads, and the 
objiect therefor. 

457. Describe the adjustment of a gas check pad. 

456-450. What are the regulations governing the care of breech 
mechanisms? 

460. What are the r^ulations governing the care of firing 
mechanisms? 

461. How are projectiles piled and cared for? 

462. What is done with packing boxes for projectiles? 

463. Describe the method of pamting projectiles, 

464. Describe the method of filling and fusing projectiles. 

465. Descritte the treatment given dummy projectiles. 

466. Describe the treatment given empty cartridge cases and 
primer bodies. 

467. Discuss the care of telescopes. 

468. When are pauUns for gun carriages provided? 

469. Where are the instructions on Signal Corps property 
found? 

470-47S. State in detail the duties of caretaker detachmente, 
their size, the commander thereof, and his responsibilities. 

477. What inspections are required of materiel at ungarriaoned 
forts? 

Chaptbk XXV. 

478. What inspections of powders and exploaives are required? 
479-480. Discuss the care and handling of explosives. 1, ,o|i' 

481. Wlio personally directs the handlmg of explosives? o 

482. Why are cases kept out of the sun's rays? 
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483. What implemente are preBcribed for opening cases, and 
why? 

484. How are keya to magazines kept? 

4SG. How are different explosives in a single magazine piled? 

485. What record of explosives is kept? 

487. What regulates the storing of different explosives together? 
488-488. What ventilation of magazines is necessary? 

490. How is black powder HuppliM and stored? 

491. Are lights and matches allowed in nia^zinea? 

492. Where shquW loose explosives be kept? 

493. Should emptj; cases be stored with filled cases? 

494. What regulations should be posted in magazines? 

495. How are commercial detonators supplied? 

496-^98. How are commercial detonators stored and cared for? 

500. What inspection of commercial detonators is required? 

501. How is dynamite supplied? 

S02-S09. How is dynamite stored and cared for? 
507. What may be stored with dynamite? 
508-511. State the inspections required, the principal source 
ot danger, and storage of dynamite. 

512-513. How is Explosive "D" supplied? 

514-518. How is Explosive "D" stored and caiedfor? 

519, What explosives may be stored with Explosive "D"? 

520-622. What inspection of Explosive "D" is required? 

523. How are fuses and primers suppUed? 

524-525. How are fuses and primers stored and cared for? 

526. Should fuses and primere be stored with explosives? 

527. When should fuses be disassembled? 

52S. What inspections of fuses and primeis are required? 
529. How is guncotton packed and supplied? 
530-537. How is guncotton stored and cared for? 
538. What treatment is given empty guncotton cases? 
339. What inspection of guncotton is required? 
540. What quarterlv inspection of guncotton is called for? 
541-545. What is ary guncotton used for, and how is it pre- 
pared and cared for? 

946. What is trotol, and what is it used for? 

547-549. How is trotol stored and cared for? 

550. What may be stored with trotol? 

651-552. What inspection of trotol is called for? 

553. How are powder charges supplied? 

554-S59. How is smokeless powder stored and cared for? 

557-958. What is done to insure that the cases are airtight? 

559. What check is kept on powder by ordnance chemiata? 

560-585. Describe the tests given smokeless powder at forts. 

966. What powder tests are given fixed ammunition? 
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S87-S68. How Bje powder storage cases temporarily sealed? 
S69-S71. How are projectileH stored, handled, and cared for? 

672. What inspection of projectilea is called for? 

673. How are projectiles filled but not fused cared for? 

674. What inspection of projectiles filled but not fused k 
lequired? 

576. How is fixed ammunition stored and cared for? 
576. What inspection of fixed ammunition is called for? 
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' Paraorapr 

Acetylene lantern 89 

AdjuBtments — 

Center or impact to center o( record target (danger space 

correction) 16 

Elevating friction mechanism 34 

Gas checK pad 20 

Grease cups 37 

Firing mechanism 29 

Range scale and quadrant 33 

Recoil and counter retoil system 38 

Sight standard and azimutn subscale 32 

Stuffing boxes 39 

■ Subcaliber gun 101 

Alphabet, General Service Code 87 

Ammunition — Chapter 111., page 33. 

Ammunition allowances 104, 105 

Anemometer 41 

Armament, fixed and movable 3 

Asaignment of personnel 5 

Atmosphere...- .,13 

Atmosphere slide rule. '. . .42 

Attack, forms of 2 

Azimuth instruments 61 

Ballistics and Gunnery— Chapter II., p^e II. 

Barometer '. 43 

Base ring, differences in level 33 

Basic Courfie Questions — page 116. 

Battery command and commander 4, 5 

Batteiy Commander Course — pane 130, 

Battery commander's station, equipment of 44 

Battery commander, commands of 93 

Battery commander, reports of 81 

Battel^ drill 82 

Bore sighting 32 

Breechblock, dismounting and dismantling 27, 2S 

Cahbration 33 

Camera, use of at target practice 123 

Cannon, classification and description 2S 

Care and storage ot explosives 21 

Care of materiel 40 

Carriases, classification and description 30,31 

Cartridge cases, care of 102 

Case I., II., and III 0,66 

Center ot impact 1 1-16 

Characteristic features of wardups 99 
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pARAORAPil 

Chief of detachment, reports of 81 

Chief of section, commandB of 93 

Cleaning recoil cyhndera 36 

CUnometer 33 

, Coast artillery inspection i .'. .83 

Coast defense I 

Coast defense command and commander 4, 5 

Coincidence range finders 62 

Coincidence system 63 

Commands, list of 93 

Communications and equipment 44 

Communication officer, reports made by 81 

Company commander, commands of 93 

Conduct of target practice 121 

Cordage, tackles, etc .94 to 98 

Corrections for trial flhots 14 

Counter recoil and valves 38 

Curvature of earth, formuke for 15, 117 

Danger space 15, 16 

Data for target practice reporta 123 

Datum points 57 

Deflection board, gun 45 

Deflection board, mortar, , : 46 

Deflection corrections 14, 112 

Deflection recorder's tward 47 

Depression position finders 57,61 

Deviations 11 

Dismantling and dismounting breecblocks 27, 28 

Dismounting mortars .' , . . .36 

Drill and inspection 78 to 83 and 92 

Drills and Inspections— ChaptCT VI., page 75. 

Drill primer bodies, care of 102 

Drill Regulations, C. A.' C, Questions on— Chapter XIV., p. 153. 

Duties in plotting room ;55, 56 

Elevating friction mechanism 34 

Emergency station, equipment for 44 

Emergency sysl^m 63 

Emplacement Course — page 121. 

Emplacement officer 5 

Emplacement officer, conunands of 93 

Emplacement officer, reports of 81 

Errors 12 

Examinations for Officers— -Chapter XII., page 115. 
Examinations for Rated Positions— Chapter Xilf., pt^e 142. 
Explosives, care and storage of 21 



INDEX— Continued: 175 

Paraqraph 

Figure of merit 118 

FilliDg and fusing projectiles 23 

Film scale, use of 123 

Fire command and commander 4, 5 

Hre commander, commands of ^ 93 

Fire command station, equipment of 44 

Fire and Fort Commander Courae — [lage 137. 

Fire commander's plotting board 63 

Fire commander, reports of 81 

Fire Control Apparatus — Chapter V., page 39. 

Fire control equipment in stations 44 

Fire direction 48,65,63,93 

Firii^ mechanism 29 

Flags, use of 86 

Fonus, target practice 122 

Fort command and commander 4, 5 

Fort commander, commands of 93 

Fort command station, equipment of 44 

Fuses 17 

Gas check pads 26 

Grease cups 37 

Gun (or pit) commander -5 

Gun commander, commands o! 93 

Gun Commander, Examination Questions — page 143. 

Gun (or pit) commander, reports of 81 

Gun pointer ._. 5 

Gunnery and Ballistics— Chapter IT., page 11. 
Guns and Carriages— Chapter IV., page 29. 

Guns, general description of 25 

Hits, determination of 117 

Horizontal base system 63 

Howitzers, general description of 25 

Hydraulic jacks 98 

Indication and identification of taigets 48 

Inspection in ranks 79 

Inspection, coast artillery materiel 83 

Inspection for service practice 103 

Lewis Depression Position Finder, model of 1907 59 

Lewis Depression Finder, Type A, model of 1898 68 

Line of direction 11 

Loading projectiles with explosive 23 

Magaimes, ventilation of 21 

Manning tables and parties , 6,7 

Marching maneuvers 80 

Materiel oflScer, reports of 81 
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Faraobapb 

Mechanics 7 

Meteorological etation, equipment of . , . .1 44 

Meteorological station, reports of 81 

Mine command 4 

Mortare, deacription of 25 

. Mortars, dismounting 35 

Mortar elevation board 61 

Mortar plotting board, 360° 64 

Mortar range board, model of 1914 69 

Muzite velocity Ill 

Muzzle velocity charts, gun and mortar 49,50 

Night drill 92 

Nomenclature of carriages 31 

Observing station, equipment of 44 

Observers , 5 

Commands of -. 93 

Reports made by 81 

Teat of ^ 57 

Examination Questiona — page 150. 

Obturati^ and safety devices. 108 

Officers' Bxaminatbn Questions — Chapter XII., page 115. 

Oiling and painting ♦ 40 

Organization and Coast Defense — Chapter I., page 5. 

Organization, tactical 4 

Orientation of guns and mortars 32 

Orientation of position finding instruments 57-63 

Packing stuffing boxes 39 

Parallax 57 

Penalties in target practice 120 

Personnel officer, reports made by 81 

Plotter 5 

Reports of 81 

Examination Questions — page 147. 

Plotting room duties 55, 56 

Equipment 44 

Plotting boards — 

Fire commander's 53 

Guns and mortar 52 

Mortar, 360° 54 

Plotting splashes 114-117 

Pointing 8, 9 

Pointing and prediction tests 10 

Position finding instruments 57 

Position finding sjatems 63 

Powdeis and powder blending 19,20 
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